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Abstract
JONG KYU HA
Under the supervision of Professors R. J. Emerick_ and L. B. Embry

Experiments using lambs were conducted to study the effects of
buffers or roughages against acidosis occurring during rapid dietary
changes .

Experiments using rats were conducted to investigate vitamin A

and thiamin stability and/or utilization as influenced by bentonite.
Incubating rumen fluid in vitro at a pH lower than 6 reduced
volatile fatty acid (VFA) production and increased lactate accumulation.
Limestone or bentonite at levels of 2% in 92% concentrate diets had
little effect on feed intake or rumen and blood parameters during a
7-day treatment period using rumen-canulated sheep.

However, 2% NaHC0

3

increased rumen pH and feed intake on the third day of high-concentrate
feeding.

These buffers included in all-concentrate diets in another

experiment raised rumen pH and reduced lactate production with little
effect on rumen VFA or blood parameters during the first 3 days of
concentrate feeding.

Alfalfa hay at a 10% level proved to be as

effective as the buffers in all criteria.

Lambs fed NaHC0

3

alkal~ne urine compared with an acidic urine for all others.

excreted an
In a

digestive trial conducted after 20 days adaptation, dietary buffers
tended to increase ration digestibility and fecal pH and reduce fecal

starch, but only 2% NaHC0

3

improve d starch digestibility significantly.

Magnesium retention was i ncreased by bentonite, calcium by limestone,
and sodium and magnesium by NaHC0 .
3

In another experiment, 2% bentonite

or 2% limestone in 92% concent ra te diets slightly improved lamb
performance during the initial 21 dars but were without effect during
an extended feeding period.

An equal mixture of both buffers at levels

totaling 2% and 4% reduced lamb performance.

In another instance when

lambs were rapidly changed to high-concentrate diets, alfalfa and brome
hay at 10% levels reduced ac i dosis-related death losses from 72% -for
the controls to 31% ' for the lambs fed the diets containing hay.
Bentoni te limited vitamin A utilization by rats with the major
loss occurring through a dsorption dur ing die t mixing and/or storage.
Particle size of bentoni te was a ma in f actor associated with this
effect.

Complexing bentonite with proteins or nonionic organic

materials was highly effective in preventing adsorption of vitamin A
by bentonite.

Bentonite tended to depress rat growth with a marginal

level of thiamin in the diet but not wit h excess thiamin.
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INTRODUCTION
Emphasis on high productivity has encouraged feeders to attempt
to shorten the period of time required to bring feedlot cattle and

sheep to full feed on high-concentrate diets.

Under such a feeding

system, ruminant animals often suffer ruminal and postruminal digestive
disorders and acid-base balance disturbances.

High death losses in

acute cases and low productivity in chronic cases are commonly observed.
Objectives of experiments reported herein were (1) to evaluate
the use of chemical and natural buffering materials in prevention of
ruminal acidosis during rapid adaptation to high-concentrate diets and
during the long-term finishing period,

(2) to measure the effect of

these materials on rumen environment, blood parameters and nutrient
utilization, and (3) to elucidate the effect of bentonite on vitamin A
and thiamin utilization.

2

REVIEW OF LITERATURE
Acidosis
The general well-being and health of ruminant animals are
maintained largely by the function of homeostasis between the endproducts of rumen fermentation and their utilization and excretion by
host animals.

This mechanism is well maintained with a conventional

type of ruminant diet containing a high level of roughage.

However,

when unadapted ruminants are exposed to an excess of highly fermentable
carbohydrate in the diet, they suffer from abnormal rumen fermentation,
disturbed acid-base balance, and poor performance.

This syndrome has

been called rumen acidosis, D-lactic acidosis, acute indigestion,
overeating disease, or cereal poisoning and has been a subjecL of active
research during the last two decades.
The term acidosis has dual importance for the ruminant animal.
It refers to the condition in the rumen and subsequent metabolic
changes i n the host animal.

The types of diet associated with rumen

acidosis include a variety of highly fermentable carbohydrate-rich
materials such as grains, sugars, and various fruits.

Quantity rather

than the source of the highly fermentable carbohydrate appears to be
more relevant to the incidence of acidosis (Dunlop, 1972).

However,

the amount of feed required to cause acidosis in the ruminant varies
and is influenced by animal species, type of diet, and management.
Severe acidosis in well-nourished Merino sheep was produced
with 75 to 80 g crushed wheat per kg body weight by Australian workers

3

(CSIRO, 1949-1959).

They also reported that grain comprising only

one-seventh of the diet was enough to produce the same degree of
acidosis in the horse.

Digestive problems and reduced intake occurred

with cattle fed from 13 to 25 g of wheat per kg _body weight (Oltjen
!:!_al., 1966; Koers et al., 1976).

Of six cattle do_s ed with ground

&!ain at levels of 25 to 60 g per kg body weight, all developed severe
acidosis (Dunlop, 1961).

Kezar and Church (1979b) induced acidosis by

feeding cracked, soft, white wheat at a level of 50 g per kg body
. h t • 75 •
weig

Wheat seems to cause more severe problems with acidosis

than corn (Oltjen

~

al., 1966) or sorghum (Morris, 1971).

The condition of animals influences the amount of grain required
to induce acidosis.

·According to an Australian report (CSIRO, 1949-1959),

sheep in poor condition succumbed after a dose of 50 g cracked wheat per
kg body weight, but well-fed sheep succumbed only after a dose of 75 to
80 g wheat per kg body weight.

The same relationship has been shown for

cattle changed from forage to concentrate by Dinius and Williams (1975).
They reported that cattle in poor condition had a more severe digestive
disturbance than well-nourished cattle.
Tremere et al. (1968) reported that daily increases of less than
7 g concentrate per kg body weight·

75

should be made for dairy heifers

to avoid their going-off feed due to acidosis and at least two feedings
a day are necessary.

However, according to _Ryan (1964b), there was no

benefit from feeding four times a day compared to a single daily feeding
when sheep were adapted by gradual incre~ses in grain intake.

4

Ruminal Changes After High-concentrate Feeding.

The influence

of the ration on ruminal microbial numbers appears to be more closely
related to its qualitative nature than to purely quantitative factors.
Variations in the level of feed intake have generally not affected the
bacterial count with the same type of feeds (Bryant and Burkey, 1953;
Gilchrist and Kistner, 1962; Warner, 1962), although different results
have been reported by Dearth et al.

(1974).

A change from roughage to high-concentrate diets results in an
increase in the number of bacteria in the rumen.

Bryant and Burkey

( 1953) reported higher bacterial counts with the feeding of highconcentrate diet than with alfalfa hay or wheat straw.

Total bacterial

population in the rumen of cows receiving 6.81 kg grain daily was
found to be two to three times that of the population in the rumen of
cows receiving a hay diet (Maki and Foster, 1957), and the increased
bacterial population was always accompanied by decreased numbers of
protozoa in the rumen of animals fed a high level of concentrate (Eadie
and Hobson, 1962).

Caldwell and Bryant (1966) reported that fewer

species of bacteria were likely to predominate in the rumen of cattle
fed corn-urea ad libitum than in that of cattle fed corn-soybean meal
or alfalfa-grain ad libitum.
The major bacterial type in the rumen of ruminants fed high-.
roughage diets is cellulolytic and gram-negative, which in turn shifts
to amylolytic and gram-positive after high-concentrate diets are fed
(Hungate

~

al., 1952; Wasserman

~

al., 1953).

Specific bacteria

associated with hay diets decrease considerably or are not found at

5

all after feeding high-concentrate diets (Pounden and Hibbs, 1948;
Caldwell and Bryant, 1966; Allison~ al., 1975).

Bryant and Burkey

(1953-) have shown that only 5.2% of bacteria from cows fed concentrate
had cellulolytic activity.

In contrast, 27.9% of bacteria from cows

fed wheat straw showed cellulolytic activity.
Gall et al. (1953) observed that most bacteria from cows fed
high-roughage diets were anaerobic, while those from animals fed highgrain diets were less strictly anaerobic.

Among ruminal bacteria

isolated from steers fed an all-concentrate diet ad libitum, 82 to 95%
hydrolyzed starch while none hydrolyzeq cellulose.

Restricted feeding

of the same diet at 1.5% of body weight daily increased the proportion
of cellulolytic bact eria (Slyter et al., 1970).

Kistner et al. (1962)

reported that more carbohydrate-fermenting bacteria were associated
with the feeding of alfalfa hay than with poor quality grass hay, and
the level of lactate-fermenting bacteria was correlated with the
protein content of alfalfa hay.
One of the most charac teristic microbial changes appears to be
a transient rise in the streptococcal flora followed by the development
of rumen lactobacillosis after the feeding of high-grain diets (CSIR0,

1949-1959; Hungate et al., 1952; Krogh, 1961; Chaplin and Jones, 1973),
sucrose (Krogh, 1959), or lactose (Krogh, 1960).

In a study compar~ng

the effect of hay, 80% flaked corn, or 80% rolled barley on the
microbial population, Latham~ al. (1971) observed that the proportion
of Butyrivibrio dropped sharply, but that of Selenomonads, Peptostreptococci, Lactobacilli and Bifidobacteria increased with both grain diets.

6

Krogh (1963b) isolated 13 streptococcal strains and 117 lactobacillus
strains from the predominating gram-positive rumen flora of cattle and
sheep suffering acute indigestion.

Twelve of the streptococcal isolates

proved to be amylolytic and showed physiological characteristics of
Strepotococcus bovis.
It has been reported that the starch-degrading enzyme from cellfree filtrates of cultures of rumen strains of Clostridium butyricum and
Streptococcus was a-amylase (Hobson and Macpherson, 1952), and the
amylase potency in the rmnen was higher with grain than with hay or a
hay-grain mixture (Nasr, 1950).
Rumen protozoa are more sensitive than bacteria to changes in
pH, oxygen pressure, · rumen dilution rate, and surface tension.

Abrupt

dietary changes, accomplished by addition of sugars or other readily
fermentable carbohydrates, result in quantitative and qualitative
changes in the protozoal population.

When rumen pH falls below about

5.5, total numbers decrease until no viable protozoa are found (Krogh,
1959, 1960, 1961; Ryan, 1964a; Caldwell and Bryant, 1966).

While

increased protozoa numbers have been reported with the feeding of
moderate amounts of grain (Pounden and Hibbs, 1948: Nakamura and
Kanegasaki, 1969), feeding a concentrate diet above maintenance to the
lamb (Dearth~ al., 1974) or ad libitum to steers (Slyter et al.,
1970) and lambs (Christiansen~ al., 1964) reduced the number of
rumen protozoa.
Oltjen

~

al. (1966), in a study comparing purified and natural

diets .for steers, observed a decrease in the number of protozoa in the

7

rumen of steers fed the purified diet.

About 20% of wheat-fed steers

and none of the corn-f ed steers were found to have ciliate protozoa
(Slyter

~

al., 1965).

It has been reported that an increased dilution rate due to
smaller particle size or an increased intake reduced rumen protozoa,
and it took 2 to 4 weeks on the same dietary regime to attain the
typical rumen protozoal population (Christiansen et al., 1964).

The

change from hay to high-concentrate and the reverse appears to reduce
rumen ciliate protozoa (Sasaki~ al., 1973).
Dietary changes lead to a change in the make-up of rumen
protozoa populations.

Oligotrich decline more rapidly than holotricha

protozoa after high-grain feeding (Purse and Moir, 1959).

Epidinium

have on occasion been very abundant in cattle fed a high starch diet
(Bond~ al., 1962).

Cattle fed 90% corn, wheat, barley, or milo diets

contained 31, 10, 36, and 27 x 10

3

protozoa per gram of rumen ingesta,

respectively, and in 15 of the 16 samples collected, entodinimorphs
were the only protozoa detected (Slyter~ al., 1970).

Dearth et al.

(1974) reported the drop in total protozoa, observed when lambs were fed
1.8 times maintenance energy, was attributed to significant decreases
in the number of Dasytricha, Ophryoscolex, and Entodinium.
Species of protozoa vary in their ability to utiliz-e carbohydrate.

Entodinium caudatum satisfied its_ carbohydrate requirement

1

solely by the ingestion of granular starch but not by the ingestion of
soluble starch or other sugars (Abou Akkada and Howard, 1960) and it
did not decompose pectin (Abou Akkada and Howard, 1961).

Both

8

Dasytricha and Isotricha can utilize sucrose, fructose, glucose, inulin,
and raffinose (Heald and Oxford, 1953; Gutierrez, 1955), but only
Dasytricha ferment galactose, maltose, and cellobiose (Howard, 1959a).
It was demonstrated that Dasytricha ruminantium extracts contain
appreciable cellobiase, 8-glucosidase, and moderate maltase activities,
but extracts of mixed Isotricha contain hardly any maltase, a trace of
cellobiase, and a small amount of 8-glucosidase (Howard, 1959b).
Isotricha ferment rice starch (Howard, 1959a) and pectic substance to
galacturonic acid (Abou Akkada and Howard, 1961).
(Bond

~

Research results

al., 1962) show that the number of Epidinium ecaudatum is high

in association with starch but not with sugar, and the number of
Diplodinium increases with increases in dietary protein.
Rapid microbial fermentation in the rumen of engorged ruminants
leads to an accumulation of a large amount of lactic acid and appears to
be the main cause of rumen acidosis.

The breakdown of soluble sugars

in the rumen appears to involve a two-stage process.

Some microorganisms

are capable of both the production and the utilization of lactic acid
(Kanegasaki and Takahashi, 1967).

Usually one group of organisms

produces lactic acid and another group ferments it to volatile fatty
acid (VFA).

Under some conditions, the first stage proceeds at a much

more rapid rate than the second (Elsden, 1945; Phillipson, 1952; Nakamura
~

al., 1971), leading to the accumulation of lactic acid in the rumen of

the acidotic ruminant.

Lactate in the rumen of roughage-fed rmninants

is negligible because of conditions favoring further fermentation of

111111111
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lactate to VFA or disappearance through absorption and movement to the
lower digestive tract .
Rad i oisotop e studies have indicated that less than 1% of the
ingesta is fermented by way of lactic acid in roughage-fed ruminants
as compared to approximately 17% in those fed concentrates (Jayasuriya
and Hungate, 1959).

Waldo and Schultz (1956) reported prefeeding lactic

acid values of 30 µg/ml of rumen fluid before feeding.

One hour after

consuming 3.63 kg of grass or alfalfa hay, lactic acid concentrations
peaked at 218 and 212 µg/ml, respectively.

Rumen lactate exceeding

10 mg/ml rumen fluid has been reported after engorgement of sheep (CSIRO,
1949-1959; Ryan, 1964a) and cattle (Ahrens, 1967) with wheat.

A steer

engorged with ground corn at a rate of 62 g per kg body weight had a
lactate value of over 20 mg/ml rumen fluid 6.25 hr post-engorgement
(Dunlop and Hammond, 1965).

Chaplin and Jones (1973) fed sheep ground

barley at a rate of 40 g per kg body weight after 24-hr fasting and
reported that rumen lactate increased from 90 to 9,000 µg/ml in
18 hours~

Steers receiving air-dried sorghum had rumen lactate levels
about one-third of those found in steers receiving reconstituted
sorghum (Helm et al., 1972), and wheat leads to more lactate accumulation
than is found with corn (Fulton~ al., 1979a), indicating that the type
and processing of grain alter lactate production.

Also, the time

required to reach the maximum concentration of lactate varies with level
and source of grain and the rate of introduction of grain, but it seems
that a-t approximately the time when animals go off feed lactic acid

10

concentration reaches its peak (Tremere

~

al., 1968).

Uhart and

Carroll (1967) fed Hereford steers a rolled barley and milo mixture and
obtained maximum lactic acid of about 9 mg/ml rumen fluid when steers
went off feed.

Lactic acid concentration was less than 10 µg/ml when

steers resumed eating.
It has been shown that rumen microorganisms form both D(-) and
L(+) isomers of lactic acid (Whanger and Matrone, 1965).
L to D isomers fluctuates with dietary changes.

The ratio of

Results from in vitro

incubation of rumen fluid with glucose (Ryan, 1964b) showed that almost
all lactate produced was the L form in -fluid from sheep fed alfalfa hay,
while the ratio of D to L increased as the daily grain intake increased.
A similar trend was observed by other workers (CSIRO, 1949-1959;
Huntington and Britton, 1978).

Dunlop and Hammond (1965) reported

that rumen fluid obtained from cattle engorged with ground grain
contained predominantly the L-isomer initially, but with time the Disomer increased until the proportion of the two isomers were approximately equal.

Hinkson et al.

(1967) found that the D isomer approxi-

mated 40% of the lactate produced during a 4-hr in vitro incubation of
glucose with inoculum from sheep fed a hay diet.
Both D and L lactate are metabolized rapidly by rumen microorganisms (Dunlop, 1961) and absorbed at similar rates from the rumen
(Dunlop and Hannnond, 1965).

Undissociated lactic acid is absorbed

faster than the anion (Dunlop and Hannnond, 1965), indicating that
lactic acid is absorbed much faster under acidic conditions (Williams
and Mackenzie, 1965).
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A substantial amount of lactic acid has been reported in the
abomasum, small intestine, and colon of Hereford steers fed a high
level of grain (Ward et al., 1961), and the absorption of both isomers
of lactic acid occurs more rapidly from the small intestine than from
the forestomach (Dunlop, 1970).

Emery et al.

(1966) found that both

monomeric and polymeric lactate were absorbed.
Based on an in vitro incubation study, Preston and Noller (1973)
suggested the existence of D-L racemase in the tissue of the rumen,
omasum, abomasum, upper intestine, and colon.

Lactic acid racemase has

been reported in rumen microorganisms by Jayasuriya and Hungate (1959).
Byers and Goodall (1979) found that L-lactate disappeared faster
than the D-isomer from the rumen, and the rate of disappearance of Llactate increased with increasing levels of grain in the diet.

On the

other hand, D-lactate disappearance did not respond to the increased
grain level.
In conjunction with the accumulation of lactic acid in the
rumen, rumen pH drops sharply after feeding large amounts of a highconcentrate diet.

Typical pH after engorgement of various grains

(CSIRO, 1949-1959; Krogh, 1961; Ahrens, 1967; Chaplin and Jones, 1973;
Koers~ al., 1976) or after intraruminal infusion of glucose (Thomas
and Klatte, 1967; Irwin~ al., 1972) has been reported to be between
5 and

4.

Although the lowest pH does not a~ways coincide with the

highest lactate concentration in the rumen, it occurs about the time
animals stop eating (Uhart and Carroll, 1967; Tremere _§_!_ al., 1968) or

12

shortly before and after peak lactate accumulation (Ryan, 1964b; Telle
and Preston, 1971).
A profound decrease in total VFA production in the rumen has
been noted after a large amount of soluble carbohydrate was introduced
to sheep (Hungate et al., 1952; Phillipson, 1952; Ryan, 1964a).

However,

Rumsey~ al. (1970) reported increased total VFA when steers were fed
increasing amounts of an all-concentrate diet up to 2% of body weight.
Increased propionic and butyric acid, decreased acetic acid, and thus
a lower ratio of acetic to propionic acid has been well documented as
typical VFA changes after high-concentrate feeding (Phillipson, 1952;
Ryan, 1964b; Uhart and Carroll, 1967; Rumsey et al., 1970; Latham~ al.,
1971; Kezar and Church, 1979a).
Research results concerning ruminal mineral concentrations
·following high-concentrate or lactic acid introduction to the ruminant
are contradictory.

Dunlop and Hammond (1965) observed elevated

phosphorus (P), potassium (K), and chlorine (Cl) and lowered sodium (Na)
in the rumen after grain engorgement.

Ahrens (1967) reported increased

P and decreased Ca and Cl concentrations in the rumen of cattle fed
cracked wheat.

Sheep made acidotic by glucose introduction to the rumen

showed decreased concentrations of ruminal Na, K, and Cl (Huber, 1971).
A study conducted under· similar conditions (Irwin et al., 1972) showed
increased Ca and decreased Na with no change in the ruminal K level.
Telle and Preston (1971) infused racemic lactic acid into the rumen of
sheep and reported that Kand Na concentrations in the rumen ingesta
dropped; but, when the concentration of both cations was expressed on a
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dry matter basis, Na concentration increased two- to threefold, while K
concentration increased twofold in the rumen ingesta of one of two
experimental shee p.
Several abnormal metabolites are found in the rumen of ruminants
fed high-energy diets.

Glucose, formic acid and succinic acid accumu-

lations were observed in the rumen of sheep fed a high level of grain
(Ryan, 1964a).
(Allison

~

Ethanol accumulation was reported in acidotic sheep

al., 1964), but it is doubtful that the alcohol contributes

to the acidosis syndrome.

Leory and Zelter (from Hungate, 1966) failed

to detect ethanol in rumen contents from healthy cattle fed 170 g
ethanol per 100 kg body weight per day.
High levels of histamine have been reported in ruminants given
large amounts of wheat or corn (Dain et al., 1955; Sanford, 1963).
However, it has been reported that many acidotic ruminants do not have
high ruminal histamine concentrations (Koers et al., 1976), and ruminant
animals may have high histamine concentrations even though they are not
acidotic (Sjaastad, 1967).

Administration of antihistamine provided

no protection from the development of acidosis in sheep fed wheat (CSIRO,
1949-1959).

Irwin et al.

(1979a) demonstrated that most histamine was

produced from dietary histidine by decarboxylation.

The concentration

of histamine produced in vitro was negatively correlated with pH and the
optimum pH for the decarboxylation of histidine was 4.7.

However, in

an in vivo study by the same researchers, the ruminal histamine concentration did not change significantly after engorgement with glucose,
even when the ruminal pH reached the optimal pH for decarboxylation of

UTH
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histidine.

Irwin et al.

(1979b) showed that the disappearance of

histamine was primarily due to microbial action rather than absorption
into the body.
Increased tyramine and tryptamine, the decarboxy~ation products
of tyrosine and tryptophan, were detected in ruminants made acidotic by
glucose infusion, but it has not been well established whether these
amines are involved in lactic acidosis.

Both amines are produced at low

rumen pH by decarboxylation and seem to disappear rapidly as a result of
microbial action in the rumen (Irwin et al., 1979a,b).
Some studies have suggested that gram-negative rumen bacteria
produce endotoxins which have some pharmacological activity in the
acidotic ruminant.

Australian workers (CSIRO, 1949-1959) reported that

maintaining ruminal pH at 4 while repeatedly adding lactic acid led
only to mild acidosis, suggesting a possible role for endotoxins in the
acidosis syndrome .

Dougherty and Cello (1949) reported the presence of

heat stable toxins in the rumen of both normal and acutely sick animals.
Mallenax et al.

(1966) extracted substances from rumen fluid having

some properties of the classical endotoxin of gram-negative bacteria.
The presence of endotoxin was confirmed in the rumen ingesta of sheep
infused with 20 g of glucose per kg body weight (Huber, 1976), in the
blood of sheep and cattle overfed with a mixture of corn and oat grain
(Dougherty, 1975a), and in the cecum of acidotic horses (Moore et al.,
1979).

In a recent study (Nagaraja et al., 1978b), rumen bacterial

fractions from both hay- and grain-fed cattle proved to be endotoxic
based on the results of lethality to mice and chicken embryos,
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Schwartzman reaction, gelation of limulus lysate, and the presence of
induced biphasic fever.
Nagaraja et al.

(1979a) indicated that rumen endotoxin was

predominantly carbohydrate and lipid, and the amino acid and fatty acid
compositions were almost the same as those of the connnercially prepared
endotoxin except for the concentration of a few fatty acids.

Of these,

e-hydroxy myristic acid was totally absent in the rumen endotoxin.

Data

from a series of experiments conducted at Kansas State (Nagaraja et al.,
1978a, 1979b,c) have shown that rumen endotoxins have lower activity
than those of other gram-negative bacteria.
A microbial population shift from gram-negative to grampositive, commonly observed during the onset of rumen acidosis, has
led researchers to speculate that the destruction of gram-negative
bacteria might result in the release of more endotoxin in acidotic
animals.

A recent study (Nag a raja et al., 1978c), however, revealed

that high-concentrate feeding increased the relative number of grampositive bacteria but did not decrease the number of gram-negative
bacteria.

Therefore, some other abnormal ruminal condition rather than

the number of gram-negative bacteria killed must contribute to the
release of endotoxin.

Low ruminal pH has been suggested to be a

contributing factor to endotoxin production in the rumen (Huber, 1976;
Nagaraja

~

al., 1978c).

Rumen fluid in acidotic animals has been described by some
researchers as viscous or hypertonic (CSIRO, 1949-1959; Dunlop and
Hammond, 1965; Ahrens, 1967; Thomson, 1967), while others have described
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it as very fluid (Ryan, 1964a; Telle and Preston, 1971).

Hypertonic

conditions prompt movement of water from the body to the rumen (CSIRO,
1947~1957) and this could change the fluid characteristics.

Huber

(1971) determined the compartmental water loss in sheep with glucoseinduced acute indigestion and reported that total body water loss was
shared by both extracellular and intracellular water.
A number of research reports have shown that the reduction of
rurninal pH to near 4 considerably reduces or completely inhibits rumen
motility (CSIRO, 1949-1959; Hungate et al., 1952; Krogh, 1961; Ryan,
1964a; Dougherty, 1975).

Ruminal addition of lactic acid did not

reduce rumen motility of sheep (Ash, 1956; Clark and Lombard, 1951),
but lactic acid infusion into the duodenum inhibited the rumen
contraction amplitude and frequency by 80% and 40%, respectively
(Bruce and Huber, 1973).
Varying degrees of damage to the rumen wall of acidotic
ruminants have been reported.

Swollen and longer ruminal papillae

(Vestweber and Leipold, 1975), sloughing of blackened mucosa in large
sheets (Dunlop and Hammond, 1965), and thickening of the epithelium
and lamina propria (Kay et al., 1969) were observed in the rumen wall
of acidotic animals~

Ahrens (1967) indicated that the rumen wall of

acidotic cattle showed loss of keratin and vacuolation of cytoplasm.
of epithelial cells.
A high incidence of ruminal parakeratosis has been reported for
ruminants fed alfalfa pellets (Hinders and Owen, 1965) or a highconcentrate diet (Vidacs and Ward, 1960).

Cunningham et al. (1969)
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reported almost 100% parakeratosis in cattle fed an all-concentrate
diet.

They also observed that a complete reversal of ruminal para-

keratosis occurred when diets were changed from all-concentrate to
roughage prior to slaughter.

Rumenitis and liver abscesses have been

reported in animals experiencing acidosis (Smith, 1944;· Jensen et al.,
1954a,b; Thomson, 1967; Kay et al. 1969).
Physiological Changes Associated with Acidosis.

Abnormal

rumen fermentation following engorgement with high-carbohydrate diets
eventually causes changes in blood parameters.

Hemoconcentration is

commonly observed in animals suffering from acidosis after receiving
high levels of grain (CSIRO, 1947-1957; Dunlop and Hammond, 1965;
Vestweber et al., 1976) or lactic acid (Telle and Preston, 1911).

It

appears that hemoconcentration is caused by reduction in plasma volt.11~e
due to the efflux of body water (CSIRO, 1949-1959; Huber, 1971) and
by increased red cell volume from the spleen (CSIRO, 1949-1959).
However, decreased hematocrit has been reported by Vestweber et al.
(1974) to have occurred in sheep when acidosis was induced with corn
syrup.

Decreased hematocrit and hemoglobin values were also reported

in acidotic animals when L-lactate was infused intravenously, but both
blood parameters increased after D-lactate infusion (Braide and Dunlop,
1969).
A marked rise in blood lactate concentration is another major

change reported to occur during the onset of acidosis (CSIRO, 1949-1959;
Dunlop, 1961; Huber, 1969b; Vestweber and Leipold, 1975; Vestweber et al.,
1976) and the major portion of increased blood lactate is the D-isome r
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(Dunlop and Hammond, 1965).

It has been reported that sheep liver tissue

oxidizes L-lactate more rapidly than the D-isomer (Hinkson et al.,
1967) or a racemic mixture (Huber, 1969a).

The biological half-life

of injected L-lactate has been reported as 22 min and that of injected
D-isomer as 90 min (Dunlop and Hannnond, 1965).

Biological half-lives

of 95 and 127 min were observed for a racemic mixture of lactic acid
infused into two sheep by Huber (1969a).
Elevated glucose (Vestweber et al., 1974, 1976; Cakala et ~.,
1976; Mills and Jenny, 1979), pyruvate (Vestweber et al., 1974, 1976),
and lactate to pyruvate ratio (Dunlop, 1961) and decreased transketolase
(Vestweb er et al., 1974, 1976) have been reported in acidotic animals.
Since absorbed lactic acid titrates most of the plasma bicarbonate, increased blood lactic acid reduces blood p·H (Dunlop and Hammond,
1965).

Decreased blood pH resulting from consumption of various highly

fermentable carbohydrates has been reported in numerous studies (Dunlop,
. 1961; Uhart and Carroll, 1967; Huber , 1969b; Vestweber et al., 1974,
1976), and blood pH as low as 6.6 has been reported in acidotic sheep
engorged with cracked wheat (CSIRO, 1949-1959).

Telle and Preston (1971)

infused racemic lactic acid into the sheep rumen and observed decreased
renal, rumen venous; and carotid arterial pH.

Braide and Dunlop (1969)

observed a persistent increase in arterial blood pH after intravenous
L-lactate infusion but not after D-isomer infusion.

The increased pH

in this instance would be due to the influence of excess cation remaining
after metabolism of the anion portion of the L-lactate.
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Juhasz and Szegedi (1969) administered 16.2 g glucose per kg
body weight. to a sheep and reported increased blood

co 2

pressure from

1.44 ·to 2.07 mM/1, decreased HC0 - from 36 to 32 mM/1, and decreased

3

HC0 - to
3
tion.

co 2

ratio from 25.0 to 15.5 by 16 hr after glucose administra-

Uhart and Carroll (1967) fed a 90% concentrate diet to steers

ad libitum.

Animals had lowest

co 2

pressure, HC0

blood pH at the time when they stopped eating.
tended to increase when animals resumed eating.

3

to

co 2

ratio, and

All three criteria
Dougherty et al. (1975b)

with sheep and steers engorged with 70 g grain per kg body weight and
Williams and Pickering (1980) with sheep infused with HCl solution
observed similar tendencies of decreased blood pH, CO
HC0 - to
3

co 2

2

pressure, and

ratio.

Changes in the concentration of plasma minerals have been
reported in acidotic animals, but the results are variable.

High

plasma Na and Cl (Dunlop, 1961), high P and low Ca (Dunlop and Hammond,
1965; Williams and Pickering, 1980), or high plasma Na and P (Cakala
et al., 1976) have been reported in acidotic ruminants.

Irwin et al.

(197~) measured electrolyte concentrations in the plasma of sheep made
acidotic by glucose administration into the rumen.

Plasma Mg and K

fell for as long as . 58 hr after glucose administration.

The concentra-

tion of Na, Ca and Prose slightly 20 hr post-administration but fell
below initial values at 58 hr after treatment.
Low urine pH has been reported in ruminant animals receiving
high concentrate (Uhart and Carroll, 1967), starch (Krogh, 1961), lactate
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intraruminally (Telle and Preston, 1971), or hydrochloric acid solution
intravenously (Williams and Pickering, 1980).
Data from many sources indicate that mineral excretion through
the urine is influenced by acidosis.

It has been reported that the

kidneys of animals exhibiting acidosis following consumption of an allconcentrate diet excrete an excess of hydrogen ion accompanied by a
corresponding loss of phosphorus (Topps, 1966).

Increased phosphate

excretion via urine after intravenous injection of an HCl solution was
observed by Williams and Pickering (1980).

The same workers also

reported that HCl infusion abolished bicarbonate excretion, indicating
that most bicarbonate is reabsorbed under acidotic conditions.

An

acute increase in calcium excretion has been reported in sheep having
nonrespiratory acidosis induced by the infusion of HCl and respiratory
acidosis resulting from inhalation of 6%
1970).

co 2

in air (Stacy and Wilson,

Telle and Preston (1971) reported that lactic acid infusion in

the rumen caused increased Na, Ca, and Mg excretion rates 3 hr postinfusion with a rapid decrease in excretion of · these three minerals
ther,eafter.

The excretion of K remained relatively constant.

Other

changes in urinary excretion included moderately increased acetoneacetoacetate, slightly decreased S-OH butyrate, increased lactate, and
increased NH -nitrogen.
3

Urea-nitrogen excretion did not show any trend

in this experiment.
Acidotic animals may show reduced renal blood flow and decreased
glomerular filteration rate (Huber, 1969b); anuria may follow (Dunlop
and Hammond, 1965).

Intravenous injection of physiological saline
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solution in an attempt to restore the ability to excrete urine was
reported to be successful in reducing the severity of acidosis in sheep
(CSIRO, 1949-1959).
Broberg (cit ed from Krogh, 1963a) noted a significant fall . in
urinary thiamin in cases of acute overeating and obtained beneficial
effects from large intravenous doses of thiamin and thiamin combined
with methylene blue.

Krogh et al. (1963a) also reported that thiamin

injection was beneficial to severely affected animals.
Acidotic animals excrete acidic feces.

Krogh (1961) observed

that starch feeding lowered fecal pH from 8.0 with a roughage diet to
the range of 4.5 to 5.0.

A heifer fed 70 g of grain per kg body weight

had a fecal pH of 5.2 24 hr after feeding (Dougherty et al., 1975b).
Buffers
Feeding neutralizing materials has been recognized as one of
most promising methods for counteracting the acidotic effects of highly
fennentable carbohydrate in ruminant animals.

Materials used for this

purpose include bicarbonate of sodium and potassium, various hydroxides,
carbonates, magnesium oxide, feed grade limestone, dolomitic limestone,
and bentonite.

It becomes readily apparent that the term "buffer,"

although commonly appl~ed to these alkaline materials by the animal
industry, is a misnomer.
Effect of Buffers on Ruminal Parameters.
within the range of 5.5 to 7.3.

Ruminal pH is usually

Within this range ruminal pH fluctuates
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in accordance with the amount, rate of production and composition of
saliva, and the rate of microbial fermentation.
Ruminal ingesta is relatively well buffered against acidification
by the action of buffering systems involving principally bicarbonate and
phosphate.

With accumulation of VFA and subsequent depletion of HC0 -,
3

pH decreases and rumen buffering against further acidification becomes
dependent mainly upon phosphate (Turner and Hodgetts, 1955).

According

to Briggs et al. (1957), rumen pH rarely falls outside the range of
5.0 to 7.5 on diets on which lactic acid never accumulates.

While rumen

pH is closely related to the VFA level under these circumstances, lactic
acid has a closer relationship with rumen pH when it exceeds a concentration of about 1,800 µg/ml . rumen fluid.

Cason et al.

(1954) found a

more significant positive correlation between the ash content of the
rumen ingesta and the pH of the rumen than between fatty acid content
and rumen pH.
Feeding buffering materials to maintain a normal ruminal pH has
been successful in many instances, but the response has been variable.
Various dietary levels of NaHC0

3

from .75 to 10% have been reported to

raise rumen pH (Emery and Brown, 1961; Preston et al., 1962; Nicholson
et al., 1963a,b; Terry~ al., 1970; Lee and Matrone, 1971; James and
Wohlt, 1980).
NaHC0

3

Kezar and Church (1979b) reported 2 or 4% NaHC0

3

or 2%

+ thiopeptin increased ruminal pH, but the antibiotic alone was

not as effective as sodium bicarbonate, even though the antibiotic
reduced rumen lactate production.
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Feeding NaHC0

3

and Ca(OH)

2

at a level of 2.5% (Bhattacharya and

Warner, 1968) or 1% MgO (Huber et al., 1969) or infusing KOH and NaOH
solu t ·ions into the rumen (Fulton ~ al. , 197 9b) have been shown to be
effective in maintaining ruminal pH at desirable levels.

Limestone at

various levels was found slightly effective (Bushman et al., 1968) or
without effect (Nicholson et al., 1963a).

Reagent grade Caco

3

at .5%

failed to increase ruminal pH of lambs fed an 80% concentrate diet
(Raun et al., 1962).

Negative results have been reported from attempts

to raise ruminal pH with sodium bentonite fed at levels of 2.5 (Colling
et al., 1979), 5, or 10% (Rindsig et al., 1969) in a high-concentrate
diet.
Oltjen and Davis (1965) observed opposite responses with a
buffer mixture of 2% Caco , 2.1% K co , and .5% Mgso when two different
2 3
4
3
protein sources were used in an all-concentrate diet.

The addition of

the mixed buffer to the urea-containing diet raised ruminal pH, while
the same buffer mixture decreased ruminal pH when incorporated into the
soybean meal-containing diet.
Since rumen lactic acid concentration is regarded as the most
important factor governing the severity of acidosis, much attention has
been given to the effect of buffers on rumen lactate production.

Reid

et al. (1957) obtained almost complete suppression of lactic acid
accumulation by dripping a 10% NaHC0
fed a 70% wheat diet.

3

solution into the rumen of sheep

Addition of 2 or 4% NaHC0

3

or 2% NaHco

3

plus

thiopeptin to the cracked, soft-wheat diets also prevented rurninal
lactic acid accumulation in sheep, while control sheep accumulated over
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10 mg/ml (Kezar and Church, 1979b).

Fulton et al.

(1979b) maintained

rumen pH above 5.5 by infusing KOH and NaOH solutions and observed only
small differences in rumen lactic acid concentrations between treatments.
A subsequent in vitro study showed the rumen fluid from steers infused
with alkaline materials had higher amounts of lactic acid.

In this

study, the steers were already accustomed to the 90% concentrate diet
for a period of 28 days when the in vitro study began.

Emery and Brown

(1961) observed a nonsignificant reduction in rumen lactate levels to
result from 4% NaHC0

3

in the feeds of the dairy cows.

Horn et al.

(1979), working ·with stee rs fed 80% high-moisture corn, reported ruminal
lactate concentrations of 5280, 4509, 2583, and 3924 vg/ml when the diet
included no buffer, 2% sodium bentonite, 1% bentonite + 1% dolomitic
limestone, and 1% KHC0

3

+

1% bentonite, respectively.

The addition of

2.5% bentonite to a 90% concentrate diet was not effect i ve in reducing
rumen lactate concentrations (Colling et al., 1979).
A few studies show that certain buffers favor the production
of one isomeric lactic acid over the other.

Bunn · and Matrone (1968)

studied the effect of adding a mixture of 6% NaHC0

3

and 4% KHC0

3

to a

purified diet containing starch, glucose, and urea as main ingredients.
They observed that lactate levels in the rumen of sheep fed bicarbonates
were much lower than in those not receiving bicarbonates, and the
reduction occurred primarily with the D-isomer.

Differences were much

more pronounced in meal-fed animals than in those fed ad libitum.

In

a similar study (Lee and Matrone, 1971), the incubation of washed rumen
suspen·sions from NaHC0

3

and KHC0

3

supplemented animals resulted in the
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accumulation of L(+) lactate as the predominant isomer, whereas when
bicarbonates were omitted, the D(-) isomer predominated.
Results of many studies show that buffer supplementation of
high-concentrate diets may alter the total production and the proportion
of individual VFA in the rumen.

Emery et al.

(1964) reported that

dairy cows fed grain ad libitum and roughage restricted to about 900 g
per head daily had significantly higher total VFA concentrations when
a low level of Caco

3

was supplemented, but 454 g NaHC0

increased total VFA only nonsignificantly.
under similar conditions, however, NaHC0

3

VFA significantly compared to the control.

3

per head daily

In a related experiment
supplementation reduced total
Bhattacharya and Warner

(1968), in a study with wethers fed 70% concentrate diets, observed
increased total ruminal VFA with 2.5% NaHC0 , 5% NaHC0 , or 2.5% Ca(OH)
3
3
2
supplementation.

Supplementing .5% Caco , 1.5% NaHco , or 3% NaHco to
3
3
3

an 80% concentrate diet did not alter total VFA concentration in another
study (Raun et al., 1962).

Bushman et al.

(1968) reported that ground

limestone addition to an all-concentrate diet tended to decrease total

VFA, but with dicalcium phosphate addition total VFA level in the rumen
tended to increase.
The effect of buffers on ruminal VFA ratios is somewhat contradictory.

It was reported that a mixed -buffer of NaHC0

3

and KHco

3

in a

purified diet increased the molar percentage of propionic but decreased
that of acetic and butyric in two similar studies (Bunn and Matrone,
1968; Lee and Matrone, 1971).
Nicholson et al.

The same trend has been reported by

(1963a) with 5.7% NaHC0

3

in an all-concentrate diet
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and by Nicholson~ al. (1963b) with 3.1% NaHC0

3

and 6.2% of a mixed

buffer consisting of NaHC0 , ground limestone, and K co .
2 3
3

Without

specifying the diet composition or the amount of buffer, Kromann and
Meyer (1966a) also reported that NaHC0

3

increased the proportion of

propionic and butyric acid in the rumen of fistulated sheep.
In contrast to the foregone observations, a number of studies
have shown that buffers may increase the molar percentage of acetic and
butyric acids and decrease that of propionic acid.

These include dairy

cattle fed 1.5% or 3% bicarbonate with restricted alfalfa hay and freechoice grain (Davis~ al., 1964), low levels of KHC0 , ·NaHco , or
3
3

Mgco 3

with about 900 g hay and free-choice concentrate (Waldo~ al., 1965),
and 272 or 363 g NaHC0
Emery, 1969).

3

and 136 or 181 g Mg0 per head daily (Thomas and

Similar results were obtained by Herod~ al. (1978)

with a mixture of KH Po , MgC0 , Mg0, and NaHC0 fed at a level of 227 g
2 4
3
3
per day to dairy steers.
Varner and Woods (1972a) obtained higher acetate and lower
propionate concentrations in the rumen of Hereford steers fed 70%
conc-entrate diets supplemented with .74% Caco •
3

Bushman et al.

(1968)

showed that the ratio of acetate to propionate increased with increasing
levels of Ca from ground limestone, but the ~everse tendency was true
when both Ca and P levels were increased with dicalcium phosphate.
Nicholson et al. (1963a) did not obtain any- changes in VFA composition
by including 5.7% ground limestone in an all-concentrate diet.
Addition of 5 or 10% bentonite to the diets of dairy cows
(Rindsig et al., 1969) and 2.5% to the diet of steers (Colling et al.,
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1979) was reported to increase the molar percentage of acetic acid and
lower that of propionic acid.
Oltjen and Davis (1965) reported that the effect of a buffer
mixture was dependent on the protein source in the diet.

A higher

molar concentration of acetate was obtained with buffer supplementation

when urea was the main source of protein, but decreased acetate concentration was observed when soybean meal was included as the main source
of protein.
Since buffers often increase the molar percentage of acetic acid,
they also tend to correct depressed milk fat which often is a consequence
o f feeding high-concentrate diets to dairy cattle.

Research papers cited

already in this review (Davis ~ al. , 1964; Waldo et al. , 1965; Rindsig
et al., 1969; Thomas and Emery, 1969; Colling~ al., 1979) and others
( Emery~ al., 1965; Bringe and Schultz, 1969) indicated a consistent
increase in milk fat to occur when diets were supplemented with various
buffers.

Emery et al.

(1965) indicated NaHC0

3

increased milk fat

percentage through depression of the propionic acid concentration,
whereas MgO increased milk fat through increased mannnary up.t ake of
plasma acetic acid and triglyceride.
Esdale and Satter (1971) reported that NaHC0

3

increased acetic

acid concentration subsequent to increasing ruminal pH, but Harrison
et al.

(1975) reported that an increased dilution rate prompted by

NaHC0

was the main factor promoting the lower propionic and higher

3

acetic acid concentrations.

It was reported that sodium bentonite

but not bicarbonate increased the ruminal liquid dilution rate in a
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study conducted at Oklahoma State University (Anonymous, 1979).
et al. (1980) also reported that NaHC0

3

Stokes

did not affect either liquid or

solid turnover rates.
Physiological Effects of Buffers.

Bhattacharya and Warner

(1968) supplemented 2.5% NaHC0 , 5% NaHco , and 2.5% Ca(OH) to 70%
2
3
3
concentrate for wethers and to 45% concentrate for Holstein heifers.
They reported that buffers did not change blood pH, blood glucose,
plasma bicarbonate, and plasma free fatty acids, but all three buffers
reduced blood VFA concentration.
levels of Caco

3

and NaHC0

3

Emery et al. (1964) reported that low

did not change blood lactate concentrations

of cows.
Elevated blood urea-nitrogen was reported when dairy cows were
fed 50% concentrate diets supplemented with .8% NaHC0

3

(Kilmer et al.,

1980), but Bunn and Matrone (1968) did not observe any real differences
in blood urea-nitrogen between control sheep and those fed buffers.
Low serum albumin and high serum y-globulin have been observed
by Oltjen

~

and Mgso

was added to an all-concentrate diet.

4

al. (1965) when a 4.6% mineral mixture of Caco , K co ,
2 3
3

A study in which varying levels of Ca and P were obtained by
adding ground limestone or dicalcium phosphate to the all-concentrate
sheep diets indicated that no changes occurred in serum Ca and P (Bushman
et al., 1968).

Lower serum Ca without any effect on serum Mg and P has

been reported by Hoar et al.
supplementation.

(1969) for sheep receiving 2% NaHco

3

Huntington~ al. (1977b) included two levels (2 and

4%) of sodium bentonite or NaHC0

3

in a high-concentrate diet and measured
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the serum minerals at 29 and 97 days.
bentonite and both levels of NaHC0

3

They found that sheep fed 4%

had lower serum Ca.

Each buffer

at the 4% level increased serum Mg at 97 days but not at 29 days.
P concentration was not affected by buffer feeding.

Serum

Saville et al.

(197 3) adapted sheep to wheat grain for 25 days and then fed diets
containing 2% NaHC0 , 1% NaHco + 1% Na HPo , and 1.5% NaCl.
2
3
4
3

They

observed higher plasma Na, K, and P with Na supplementation from all
sources and higher Ca levels from NaCl supplementation.
NaHC0

3

at a 5.7% level in an all-concentrate diet (Nicholson

et al., 1962b) or 6. 2% of mixed buffer has been reported to increase
urine volume, but 5.7% ground limestone was without effect (Nicholson
et al., 1963b).

Hoar et al. · (1969) reported no effect of 2% NaHco

3

on

urine volume.
Studies in which animals consumed various levels, generally
greater than 1%, of NaHco

3

(Hoar~ al., 1969, 1970; McLeod~ al.,

1970; James and Woh~t, 1980) and Ca(OH)

2

(Bhattacharya and Warner, 1968)

or a mixture of limestone, NaHC0 , Mgco , and_ K co (Nicholson et al.,
2 3
3
3
1960) have shown elevated urine pH.
et al., 1980), Caco

3

Lower levels of NaHC0

3

(Kilmer

(Emery~ al., 1964), or a mixture of MgO and Caco

(James and Wohlt, 1980) have not appeared to _alter urine pH.
The influence of buffers on urine pH appear to be manifested
through excretion of the cation portion of .the compounds.
~

McLeod

al. (1970) observed high Na excretion in sheep fed grass silage

neutralized with . NaHC0 , and Bunn and Matrone (1968) indicated that
3
sheep fed bicarbonates of Na and K excreted high concentrations of Na

3
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and K through the urine.

In the same study, animals receiving buffers

excreted smaller amounts of NH -nitrogen and urea-nitrogen than those
3
receiving unbuffered purified diets.

Similar observations were reported

by Kilmer et al. (1980) when animals were fed .8% NaHC0
concentrate diet.

3

in a 50%

In addition, Hoar et al. (1969) reported that sheep

excreted less Mg when diets were supplemented with 2% NaHco •
3
Ruminant animals are not likely to excrete an appreciable
amount of VFA through the urine.

Armstrong and Blaxter (1957) infused

acetic and butyric acid into the rumen of fasted sheep and found that
urinary excretion of the acids increased, but the _amount was small,
representing only 1.5% of the 1670 meq acid intake.

In a subsequent

study (Armstrong et al., 1961), infusion of partially neutralized acetic
acid resulted in higher VFA excretion than _was obtained from use of
unneutralized acetic acid (162.1

~

32.3 meq per 100 ml urine).

Effect of Buffers on Nutrient Digestibilities.

Although there

are some discrepancies, bicarbonate buffers tend to improve nutrient
digestibilities.

Preston et al. (1962) observed improved dry matter

digestibility when 2.5 or 7.5% NaHC0
weaned calves.

3

were added to the diet of early

Kromann and Meyer (1966b) reported 5 and 12% NaHco

3

improved dry matter, organic matter, and carbohydrate digestibilities
of sheep diets containing high or low levels of alfalfa hay, but the
buffers did not affect protein digestibility.

Addition of 3.1% NaHco ,
3

5.7% NaHC0 3 , or 6.2% mixed buffer to all-concentrate diets improved
only ash digestibilities in the studies of Nicholson et al. (1962b,
1963b).
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McLeod~ al. (1970) varied the pH of grass silage by use of
lactic acid or NaHC0

3

and showed that silage adjusted to a higher pH

(pH=· 5.5) tended to have higher organic and dry matter digestibilities.
However, organic matter digestibility of whole-crop barley silage
partially neutralized with NaHC0
Addition of NaHC0

3

3

remained unchanged (Wilkens, 1974).

at a level of .5% to drinking water had no effect

on nutrient digestibilities (Lassiter and Cook, 1961).
Low levels of Caco

3

were beneficial in improving digestibility

of organic matter, cellulose, and energy of 70% concentrate diets, but
protein digestibility was not altered (Varner and Woods, 1972a).

On

the other hand, depressed protein and energy digestibilities have been
associated with 100 g limestone fed daily with grass or a grass-silage
mixture to dairy heifers (Colovos et al., 1958).
Martin et al. (1969) compared the effect of various levels of
bentonite on ration digestibility and retention.

They found that

increasing amounts of bentonite in high-roughage diets depressed dry
matter digestibility and Ca retention, improved P retention, and was
.

without effect on organic matter digestibility and nitrogen retention.
.

It was reported by Rindsig and Schultz (1970) that 5 or 10% sodium
bentonite in high-concentrate diets of dairy cows depressed the digestibility of most nutrients, but more nitrogen was retained in the body.
Improvement of Mg and K retention and a lowering of nitrogen retention
by 2 to 12% of bentonite have been reported by Huntington~ al.
NaHC0

3

(1979a).

probably exerts its greatest effect on nutrient digesti-

bility by helping to maintain a more favorable ruminal pH environment
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for fiber and protein digestion.

Cheng~ al. (1955) observed that

digestion of Solka Floe, a wood cellulose, was maximal at pH 7.2.
Celltilose digestion remained high at pH 6.8 but decreased rapidly as pH
was reduced to 6.4, 6.0, and 5.6.

One recent study (Stewart, 1977) also

showed that cellulolytic activity, as measured by digestion of dewaxed
cotton yarn, was highest at pH 7.0 and declined as pH was reduced to
6.0.

Terry et al. (1970) observed that 10% NaHC0

3

addition to a grass-

corn diet increased the activity of cellulase, but cellulose digestibility was unchanged.
It can be expected that buffers may affect protein solubility
and digestibility because the physical and chemical properties of protein
are strongly influenced by pH and salt concentration.

In the normal

ruminal pH range, higher pH favors higher protein solubility (Wohlt
et al., 1976).

The optimum pH for the degradation of proteins has been

reported to be above 6 (Trenkle, 1979).

Some information indicates

that an increased dilution rate prompted by NaHC0

3

and bentonite could

be the principal factor favoring improved protein utilization (Harrison
et al., 1975; Anonymous, 1979).
Limited data indicate that ruminant animals may often have a
suboptimal intestinal pH for a-amylase activity when animals ingest
large amounts of grain (Wheeler and Noller, 1977).

This is partly que

to the low buffering capacity of pancreatic _juice and bile secretion of
ruminants compared to nonruminants (Harrison and Hill, 1962).

Near

neutral pH of the lower intestinal tract has been reported in steers fed
lorig timothy hay at 2% of body weight (Kern~ al., 1974).

Ben-Ghedalia
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~

al. (1974) indicated that sheep intestinal pH reached neutrality

approximately 7 m from the phylorus.

Similar data have been reported

by Kay (1969).
There are some indications that buffering materials may improve
starch digestibility by maintaining a more favorable pH for the amylase
activity in the small intestine of the ruminants.

Wheeler and Noller

(1977) measured pH of the reticulorumen and several segments of the
lower gastrointestinal tract of sheep fed high-moisture corn grain with
and without limestone.

They found that limestone increased not only

ruminal pH but also lower intestinal pH.

Fecal starch was reduced from

32.4% to 9.2% by limestone supplementation.

It was also observed in the

same study that fecal pH approximated that of the small intestine,
suggesting that fecal pH may provide an indication of the small
intestinal pH and possibly the extent of starch digestion by the
ruminant.

Similar observations .have been made by Wheeler and Noller

(1976) and Fierreica et al. (1980).
It has been reported that almost all the dietary starch at
var±ous levels of intake could be digested by ruminant animals (Karr
et al., 1966; Waldo, 1973), but Wheeler and Noller (1975) showed that
Holstein cows digested only 84.7 to 88.1% of dietary starch at 2.5 to
3.2 times above maintenance feed intake, while animals digested over 96%
of the starch when fed at a maintenance level.

The same workers

(Wheeler~ al., 1976) reported that steers fed a nonbuffered allconcentrate diet had considerable quantities of starch in the feces
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with fecal pH that was well below the value of 6.9 considered optimum
by Long (1961).
DeGregorio

~

al. (1980) fed sheep a daily ration of 1 kg of

a corn-alfalfa mixture with the levels of corn being O, 40, and 80%.
They found that sheep fed the highest corn grain diet had the lowest
intestinal pH, but all animals showed near neutral fecal pH.

Adding

5 to 15% roughage to the diet did not change fecal pH or fecal starch
of steers (Brink, 1980).
More recent studies (Wheeler et al., 1979, 1980; Keyser~ al.,
1980) showed that a smaller particle size limestone was more reactive
and had a more favorable action on fecal pH, fecal starch, and animal
performance than coarse limestone.
Russell et al. (1980) compared the effects of .9% NaHC0 , 1.8%
3
limestone, and .9% NaHC0

3

+ 1.8% limestone on fecal pH and starch.

It

was observed that 1.8% limestone and the combination of buffers
increased fecal pH at 56 and 112 days, but only limestone was effective
in reducing fecal starch, this occurring only at the latter sampling
date.

Starch digestion was reduced by 1% NaHC0

3

in a 60% concentrate

cattle diet, but .8% MgO or a combination of the two buffers had no
effect in a study reported by Erdman!:!_ al. (1980).
Effect of Buffers on Animal Performance.

It seems very difficult

to compare and to draw any generalization from results of the s~veral
buffer studies because of differences in types and amounts of buffers
used and the large variation in basal diets.

Nevertheless, efforts have
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been made to group the experimental results in terms of animal species,
type of buffer, and type of basal diet.
The high degree of acidity of silages has been implicated as a
cause of low silage intake.

Some research reports . indicate that raising

pH with buffers sometimes improves feed intake.

McLeod et al. (1970)

observed increased dry matter intake by both sheep and cattle when grass
silage was partially neutralized to pH 5.5 with NaHC0 .
3

These researchers

also measured the intake by sheep and cattle of silages neutralized with
NaHC0

3

or reacidified to pH 3.8 with lactic acid.

Sodium bicarbonate

treatment resulted in 9.7 to 20.7% increases in dry matter intake.
Reacidifying the buffer-treated grass-hay gave a 22% reduction in dry
matter intake.

In contrast, ·Wilkins (1974) reported that partial

neutralization of whole-crop barley silage to pH 5.5 with NaHco

3

did

not affect voluntary organic matter intake.
In a South Dakota study (Embry et al., 1968), steers full-fed
sorghum or corn silage with 90 g NaHC0
less feed than control steers.
not beneficial and Ca(OH)
sorghum silage.

2

3

daily gained more weight with

Under the sam~ conditions, Caco

3

was

proved to be detrimental when fed with the

In a similar study (Embry et al., 1969), 90 g NaHC0

3

fed daily with corn silage improved weight g~in by 10.2% and feed
efficiency by 6.1% during a 113-day period.

The beneficial effect,

however, was not observed to continue in a subsequent feeding period.
On the other hand, Ca(OH)

2

that had provided no benefits earlier

improved weight gain and feed efficiency during the period between 114
and 272 days.

In the same type of study, Embry and Dye (1970) compared
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daily intakes of 45, 90, and 180 g of a 1 NaHC0 :2 Ca(OH) mixture.
2
3

The

level of 90 g gave the greatest response, amounting to a 17.8% improvement in weight gain and an 11% improvement in feed efficiency.
Some studies have shown improvement in animal performance
from the addition of buffering materials to high-concentrate feedlot
cattle diets.
NaHC0

3

and KHC0

The feeding of NaHco
3

3

(Preston, 1962), a mixture of

(Wise et al. 1965), or a mixture of NaHC0 , ground
3

limestone, and K co in a ratio of 3:2:1 (Nicholson et al., 1963b) at
2 3
levels of 2.5% or higher in all-concentrate diets of cattle have been
reported to improve feed intake and weight gain.

Bhattacharya and

Warner (1968) also observed improved feed intake when 2.5% NaHco , 5%
3
NaHC0 , or 2.5% Ca(OH) were added to 70% concentrate diets.
3
2

Bushman

et al. (1968) reported no significant difference in daily gain when
cattle were fed all-concentrate rations containing .15, · ?O, and .60%
Ca as supplied by limestone.
and Woods (1972b).

Similar results were reported by Varner

Kansas workers (Brethour and Duitsman, 1973) added

100 to 200 g bicarbonate to rolled wheat cattle finishing rations.

A

summary of nine trials showed that buffer addition improved feed intake
by an average of 3%, weight gain by 4%, and energy gain by 5.6%.
Some workers have repo-rted no benefit in feedlot performance
from the feeding of 5.7% NaHC0

3

(Nicholson~ al., 1962a), a mixture of

Caco , K co , and MgS0 (Oltjen et al., 1965), 1.25 to 2.5% NaHco
2 3
3
4
3
(Preston et al., 1962), or low level of NaHC0
(Lassiter and Cook, 1961).

3

in drinking water

Reductions in feed intake and weight gain of

beef cattle fed 4% of bicarbonate have been reported by Wise et al. (1961).
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Negative effects of buffers have also been observed in part of
the studies with dairy cattle.

Adding low levels of buffers to high-

concentrate diets for dairy cows depressed feed intake (Miller et al.,
1965).

Emery!:.!:._ al. (1964) fed 277 g Caco

3

or 454 g NaHco

3

daily to

dairy cows with restricted hay and reported buffers reduced feed intake
by 10 to 20%.
The effects of adding alkali buffers to finishing lamb diets
have been somewhat variable.
with 3% of a mixture of Mg(OH)

Beneficial responses have been reported
2

and KHco

3

in a 90% concentrate diet

(Calhoun and Shelton, 1969) or with 2% NaHC0 , 1% NaHC0 + 1% NaHP0 ,
3
3
4
and 1.5% NaCl in wheat grain diets (Saville~ al., 1973), but no
improvement in feedlot lamb performance has been reported in other
studies with 1.5 to 3.0% NaHC0

3

(Raun, 1962; Hoar et al., 1969, 1970).

A reduction in feed intake and weight gain of sheep fed 5 or 10%
NaHC0

3

has been reported by Kromann and Meyer (1966b).

They showed that

a mixture of limestone, NaHC0 , and K co at levels of 2 to 9% was not
2 3
3
beneficial and in some instance s was detrimental when fed with
ad Libitum timothy hay.
addition of 1.4% Caco

3

Shelton and Ellis (1965) reported that the
or 2.0% NaHC0

not improve sheep .performance.

3

to a steamed rolled oat diet did

In the same study in which 2% NaHco ,
3

2% KHC0 , or a combination of these buffers were added to sorghum g~ain
3
diets, significant improvement in feedlot performance was obtained
favoring those treatments containing KHC0 .
3

Later analysis showed

that their basal diet contained inadequate potassium.
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Low levels of certain hydroxides including KOH and NaOH infused
into the rumen (Fulton et al., 1979b), 1% NaOH fed in conjunction with
3% fat (Koers et al., 1976)~ or .5% Ca(OH)

2

but not 1.0% or more of

Ca(OH) 2 (Shelton and Calhoun, 1970) have provided .improved growth rate
and feed efficiency.
Bentonite was beneficial when included in the diet of feedlot
heifers at a level of 2% (Burkitt, 1969) or in the diet of feedlot
sheep at levels up to 8% (Martin~ al., 1969), but other data show no
beneficial effect of bentonite at various levels (Mendel, 1971;
Huntington~ al., 1977a; Colling et al., 1979).

Rindsig et al. (1969)

in a study with dairy cows observed that 5 or 10% sodium bentonite
increased feed intake but reduced weight gain.

In limited studies, the

addition of sodium bentonite to beef cattle diets improved protein
utilization (Martin et al., 1969; McCullough, 1974).

Britton et al.

(1978) reported that sodium bentonite may absorb dietary protein and
cause more intact protein to reach the lower gastrointestinal tract.
The beneficial effects of buffering materials added to highcarbohydrate diets appear to be most pronounced during the first few
weeks of the feeding period.

Dunn (1977) fed O, 1, 2, and 4% ground

limestone to sheep and observed that all levels improved feed intake
and average daily gain during the first 22 days, but only the 1% level
proved beneficial over the full 121-day feeding period.

Other studies

with NaHC0 , bentonite, and combinations of these showed benefits
3
generally to be restricted to the initial 21 days of high-concentrate
feeding (Huntington et al., 1977a,b; Dunn et al., 1979).

Prevention
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of deaths from acidosis during rapid change from hay to high-concentrate
diets was the most obvious of the benefits, but early improvements in
feed intake and weight gain were also observed.
Some studies show buffers not to change carcass characteristics
of lambs (Raun et al., 1962; Huntington et al., 1977a,b) and steers
(Colling~ al., 1979; Dunn et al., 1979), but other reports indicate
that certain buffers can alter the carcass composition of cattle.
Oltjen et al. (1965) reported significantly depressed carcass grade,
fat over the longissimus muscle and increased bone percentage in the
9-10-11 rib cut of cattle fed a buffer mixture providing 2% Caco ,
3
2.1% K co , and .5% Mgso •
2 3
4

When cattle were fed .15, .30, and .60% Ca

levels from either ground limestone or dicalcium phosphate, backfat
thickness tended to decrease with increasing levels of Ca (Bushman
~

al., 1968).

Carcass fatty acid composition data from the study

revealed that higher dietary Ca increased the proportion of 16:0 fatty
acid.

In a similar study with .20, .30, and .50% Ca levels, Varner and

Woods (1972b) observed a tendency for lower fat thickness to be
associated with the higher Ca level.
1980) also indicated that .9% NaHC0
reduced carcass fat thickness.

3

A recent study (Russell~ al.,
and .9% NaHC0

3

+ 1.8% limestone

However, 1.8% limestone alone was

without effect.
Adverse Effects of Buffers.

Some potential problems associated

with the feeding of buffering materials to ruminants have been reported.
An increase in the incidence of bloat in dairy cattle fed 454 g NaHco

daily has been reported (Emery and Brown, 1961), and Preston et al.

3

40

(1963) reported five bloat related death losses out of 15 cattle fed
2.5% NaHC0

3

along with 82.5% corn.

An increase in the incidence of

bloat associated with carbonate mineral mixtures in all-concentrate
diets has also been reported by Oltjen and Davis (1965).
Increased kidney lesions in cattle fed mixed buffers has been
reported by a group of researchers (Nicholson and Cunningham, 1961;
Nicholson et al., 1962a, 1963b).

Further, buffers contributing to

formation of an alkaline urine may increase the incidence of phosphatic
urinary calculi.

Higher urinary calculi incidence associated with the

feeding of 2 to 4% NaHC0

3

has been reported in several studies conducted

by South Dakota workers (Hoar!:.!_ al., 1969; Huntington et al., 1977b;
Dunn~ al., 1979) and also Saville et al. (1973).
of urinary blockage in lambs fed 1, 2, and 3% KHC0
by Shelton and Ellis (1965).

A higher incidence

3

has been reported

In the work of Hoar~ al. (1970), NaHC0

3

at the level of 2% did not promote urinary calculi when diets contained
15% alfalfa and a low level (.22%) of phosphorus.

The principal causes

of phosphatic urinary calculi have been reviewed by Emerick and Embry
(1969).
In a study by Huntington et al. (1977b), seven of nine
polioencephalomalacia (PEM) cases occurred in lambs receiving a highconcentrate diet containing 4% sodium bentonite.

Occurrence of this

disease has been reported to occur in feedlot ruminants (Jensen et al.,
1956), but its association with sodium bentonite is not fully understood.
PEM has been recognized as a thiamin responsive disease (Davies !:.!_ al._,
1965).

It was proposed that PEM might be caused by an enzyme,
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thiarninase, (Edwin~ al., 1968a,b) and especially by thiaminase I

which creates thiamin analogs having thiamin antimetabolite activity
(Edwin and Jackman, 1970).
Some studies conducted in the 1950's showed that bentonite
reduced vitamin A utilization by various animals.

Reduced liver

vitamin A storage of rats (Laughland and Phillips, 1954a) and chickens
(Laughland and Phillips, 1956) fed bentonite has been reported.
Blakely et al. (1955) showed no detrimental effect of 1, 2, and 5%
sodium bentonite when the basal diet for turkeys had a satisfactory
safety margin of vitamin A.

Feeding 3% bentonite had no effect on

performance, hepatic vitamin A, and carotene storage of steers in a
study by Erwin et al. (1957).
Reduction of vitamin availability by bentonite has been
partially explained by the chemical and physical interaction of
bentonite with vitamin A.

Laughland and Phillips (1954b) demonstrated

that bentonite not only absorbs vitamin A physically but also alters
vitamin A molecules to form arihydro vitamin A and unknown secondary
products.

Erwin et al. (1957) extracted alfalfa meal with petroleum

ether and found 8% of the carotene and 11% of the total pigment bound
by added bentonite.

Fine particle size of bentonite and the presence

of fat in the diet have been shown to accentuate the reduction in
vitamin A utilization attributed to bentonite (Briggs and Fox, 1956).

n
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EFFECT OF pH VARIATIONS ON VFA AND LACTIC ACID ACCUMULATIONS
IN RUMEN FLUID INCUBATED IN VITRO (EXPERIMENT 1)
Introduction
Rumen pH can range from 8 to less than 5 under various dietary
conditions.

Correlation between rumen pH and VFA production has been

reported by Brown and Tucker (1962), Slyter et al. (1966), and Thomas
and Emery (1969).

Increased lactic acid accumulation has also been

noted in conjunction with low rumen pH which often occurs in ruminant
animals receiving high-concentrate diets (Ryan, 1964b; Uhart and Carroll,
1967; Tremere et al., 1968).

Since most of these studies were conducted

under different dietary regimes, it is difficult to separate effects of
pH from those of substrate. Therefore, the present experiment was
,
conducted to investigate the effects of rumina l pH control on in vitro
lactic acid and VFA production without changing substrate.
Experimental Procedure
Rumen fluid was obtained from six fistulated sheep that had
bee~ fed ground bromegrass hay for 3 weeks.

Approximately 300 ml

of rumen fluid were obtained from each sheep, pooled, and strained
through four layers of cheesecloth.

Fifty ml aliquots of strained

rumen fluid were poured into plastic tubes and the pH was adjusted to
7, 6, 5, and 4 with .SN NaOH or 1 N HCl.
replicated three times.

Each pH treatment was

Two g of ground wheat were added to each tube,

and the tubes were bubbled with CO , covered with rubber stoppers
2
equipped with Bunsen valves, and incubated at 39 Cina water bath with
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occasional shaking by hand.

Rumen fluid pH was adjusted hourly during

the incubation.
Five ml samples of rumen fluid were removed after 1, 3, 5, and

7 hr of incubation, .5 ml of saturated mercuric chloride solution was
added to each sample to stop the fermentation, and they were frozen for
later analysis.

For the determination of lactic acid, rumen fluid was

deproteinized with 7.5% TCA solution and centrifuged at approximately
2,000 rpm for 20 minutes.

Total lactic acid was determined on the

supernatant by a colorimetric method (Baker and Summerson, 1941) and
L(+) lactate by an enzymatic method (Sigma Technical Bulletin #726-UV).
For VFA determination, 2.5 ml strained rumen fluid was acidified with

.5 ml of 25% (w/v) metaphosphoric acid and centrifuged at 2,000 rpm
for 20 min as outlined by Erwin~ al. (1961), and the supernatant
was subjected to gas-liquid chromatography as described by Baumgardt
(1964).

Data were analyzed using a least squares means analysis of
variance procedure.

Dunnett's · t test (Steel and Torrie, 1960) was used

to compare each treatment mean with the control at probability levels
of . 05 and . 01.
Results and Discussion
Total and L(+) lactic acid concentrations occurring in rumen
fluid incubated under various pH conditions are presented in table 1.
Both total and L-lactate concentrations were negligible at all sampling
times for rumen fluid incubated at pH 7 or 6.

However, reducing the

incubation pH to 5 increased (P<.01) both total and L-lactic acid.

44

TABLE 1.

EFFECT OF RUMEN FLUID pH CONTROL ON LACTIC ACID PRODUCTION
IN VITRO (EXPERIMENT 1)

Item
Total lactateb

L (+) lactateb

Treatment

1

Sampling time (hr)
3
5
µg/ml

pH
pH
pH
pH

7
6
5
4

5.8
29.8
290.5**
68.2

6.4
9.3
442. 5,H~
73.0

8.1
15.4
517.1**
76.1

pH
pH
pH
pH

7
6
5
4

.0
4.7
211. 6**
41.9

.0
.0
312.0**
66.3

4.7
2.5
386.1**
64.6

7

SEMa

6.7
8.8
7 41. 4 ,~*
89.4

40.45

.o
.3
620.5'~*
60.1

31.60

a
b Pooled standard error.

Time effect and time x pH interaction are significant (P<.01).
** Differs (P<.01) from control (pH 7) within the same sampling
time.
Total lactic acid concentrations that did not increase beyond the range

of

5.8 to 8.1 µg/ml for rumen fluid incubated at pH 7 were approximately

SO to 100 times higher at pH 5, amounting to 290 and 741 µg/ml at 1 and
7 hr, respectively.

These values, in turn, were four to eight times

higher than corresponding lactic values obseryed in nnnen fluid incubated
at

a pH

of 4.
Although Russell et al. (1979) reported that the major lactate

producing bacterium Streptococcus bovis stopped growing at pH values
below approximately 5.1, Lactobacilli can resist a lower pH.

It is·

apparent from these data that considerable lactic acid producing
capacity was present in the rumen fluid incubated at pH 5 under the
conditions of this study.

However, it cannot be concluded from these

data whether the higher lactic values associated with the pH 5 and to
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a lesser extent at pH 4 incubations were due to a greater production
of lactic acid or to a lower rate of utilization by those microbes
capable of metabolizing lactic acid.
L-lactate greatly exceeded the D-isomer (total minus L-lactate)
at all sampling times in this experiment.

This indicates that the major

lactate-producing microflora in the incubation mixture were probably
L-lactate producers as was indicated by Ryan (1964b) to have occurred
under similar conditions.
Data concerning VFA production (table 2) clearly show a low
incubation fluid pH to be detrimental to VFA production.

In comparison

to the pH 7 incubation mixture, a pH of 5 or less resulted in lower
(P<.05) total VFA production at all sampling times.

After 7 hr

incubation, lower (P<.05) total VFA production was also seen for the
pH 6 compared with the pH 7 treatment.

Although significant differences

were not found in all instances, a tendency toward higher acetic to
propionic acid ratios was observed with reductions in incubation pH.
Compared to the pH 7 treatment, higher (P<.05) acetic to propionic
ratios occurred during the first 3-hr period of the incubation at pH 5
and through the entire 7-hr at pH 4.

The higher acetic to propionic

acid ratio appeared to be due to a disproportionately greater reduction
in propionic acid concentrations at the lower pH values.

It is known

that of the two major lactate-producing bacteria Lactobacilli can
resist a lower pH than can Streptococcus (Hungate, 1965).

Bryant (1963)

reported that the major end-products of glucose fermentation by
Lactobacilli includes acetic in addition to lactic acid.

Butyric acid,
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TABLE 2.

EFFECT OF RUMEN FLUID pH CONTROL ON VFA CONCENTRATION
IN VITRO (EXPERil1ENT 1)

Item
Total VFA, b d
µmole/ml'

Acetic,
moles/100 molesb

Propionic,
b
moles/100 moles ,c

Butyric,
moles/100 molesb

Valerie,
b d
moles/100 moles'

Acetic/propionicc

Treatment

Sampling time (hr)
1

pH
pH
pH
pH

7

46.3
43.9

4

35. 9;'<
36. 1;~

pH
pH
pH
pH

7

60.3

6

61.8

5

3

5

7

51.1

48. 9

67. 1

48.5
32.2**
33.4**

47.5

51.3*
33 .1 **
34.7**

63 .1
63.6
63. 4

58.3

63. 2
67.1**

63.5
62.3
66.2
66.1

65.7

62.4*

.88

24.6
24.0
23. o,~*
20.7**

23. 8
23. 9
22. 1*,.~
21.6**

24.1
24.9
23. 8
21. 4;~*

25.0
26. 2*
25.3
22.2**

.32

8.9

9.3

10.1
8.5

8.8

4

10.1
10.1
9.5
8.4

pH 7
pH 6

1.0

p1i 5

pH 4

7

pH
pH
pH
pH
pH
pH
pH
pH

pH
pH
pH
pH

6

5

4

7
6

5
4
7
6
5

6
5

4

38. 6;'<
33. 3,'o'<

8.9

9.0
9.1

1.2

1.1
1.1
1.0

1.1
1.Q;'<

1.1

.9

1. Qi<

2.4
2.6

2.7
2.6
3.0**
3.1**

2.6
2.6
2.7
3.1**

1.1

3.2**

: Pooled standard error.
Time effect is significant (P<.01).
C
d Timex pH interaction is significant
Timex pH interaction is significant
* Differs (P<.05) from control (pH 7)
time.
** Differs (P<.01) from control (pH 7)
time.

1.3

2.25

57.0
61. 5,'<

11.2
12.1
9.2

10.9

.72

1. 9
1.4**

1.0**
1. 2 ;'<*

.07

2.3
2.2

2.4
2.8**

(P<.05).
(P<.01).
within the same sampling
within the same sampling

.06
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representing approximately 10% of the total VFA, appeared to be
unaffected by variations in pH.

A pH of 5 or less resulted in lower

(P<.05) valeric acid after 3 hr or more of incubation.

Lower (P<.05)

valeric acid was also obtained in rumen fluid samples incubated at
pH 6 for 7 hours.
Correlations between ruminal pH and VFA production have been
previously reported by Thomas and Emery (1969), Slyter~ al. (1970),
and Allison (1976).

Brown and Tucker (1962) observed that total VFA,

acetic, propionic, and butyric acid production increased when the rumen
fluid incubation pH was raised from 4.5 to 6.5, but there was no change
associated with pH variations in the -range of 6.5 to 7.5.

While the

data reported for the experiment described herein agree with those
observatio~s concerning lower total VFA production in incubations below
pH 6, they do not agree with the in vitro incubation data of Slyter
~

al. (1966) and Esdale and Satter (1971) that indicate lower pH

values reduce the ratio of acetic to propionic acid.
Sunnnary
An in vitro wheat fermentation study was conducted under

different pH conditions (7, 6, 5, and 4) to investigate the effect of
pH variations on rumen fermentation.

Lactic acid production in the

rumen fluid incubated at pH 7 or 6 was negligible.

Reducing · incubation

pH from 6 to 5 caused accumulation of both total and L(+) lactate, but
further reduction to pH 4 did not cause an additional increase in
lactate production.

Variations -in incubation pH or time did not affect
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the ratio of D to L isomer lactate.

Lowering the incubation pH below

6 reduced total VFA production and increased the acetic to propionic
acid ·ratio.
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RUMEN AND BLOOD PARAMETERS OF RUMEN-CANULATED SHEEP AS INFLUENCED BY
BUFFERS DURING ADAPTATION TO HIGH-CONCENTRATE DIET (EXPERIMENT 2)
Introduction
· Abnorma l rumen fermentation and subsequent systemic acid-base
disturbance have been reported as typical animal responses to an
abrupt dietary change from high-roughage to high-grain diets.

These

changes are most noticeable during the first few weeks of an adaptation
period and the greatest benefit from added buffers has been reported to
occur in this period (Dunn, 1977; Huntington et al., 1977a,b; Dunn
et al., 1979).

This experiment was conducted to study the effects of

dietary buffers on feed intake, rumen fermentation, and blood parameters
of lambs _during a 7- day period of adaptation to high-concentrate diet.
Experimental Procedure
Eight canulated lambs weighing about 40 kg were housed indoors
in individual pens.

A double 4 x 4 latin square design was employed

for feeding four different experimental diets including control, 2%
NaHC0 , 2% bentonite, and 2% limestone.

3

The control diet contained

84.4% corn (IFN 4-02-932), 8% ground brome hay (IFN 1-00-890), 6%
soybean meal (IFN 5-04-604), .8% ground limestone (IFN 6-02-632), .3%
KCl, and .5% trace mineral salt.

Buffers were added at the expense -of

the complete mixed diet.
The diets were fed to each lamb at 0800 once daily during
experimental periods lasting 7 days in each latin square.

Approximately

4 weeks, during which bromegrass hay was fed at approximately a

b
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maintenance level, were allowed to eliminate carry-over effects
between experimental periods.

Equal amounts (1.36 kg) of diet were

fed to each animal daily and residual diet not consumed in 1 hr on the
first day of each latin square period was introduced through the rumen
canulae to make sure that all animals received the same amount of diet
initially.

During the remaining experimental period, refused feed ras

weighed back and intake was calculated as the difference between the
amount of feed given and refused.
Rumen and blood samples were taken at O, 2, 6, 24, 30, 54, and
150 hr after the beginning of each latin square period. · Rumen fluid
samples were withdrawn through the rumen canulae and strained through
four layers of cheesecloth.

A general purpose glass electrode was used

to measure pH, and microbial activity of the sample was stopped by
adding a few drops of saturated mercuric chloride solution.

The samples

were then frozen for subsequent determination of lactic and VFA.
Blood samples were obtained by jugular vein puncture and
collected in tubes heparinized with ammonium heparin (Scientific
Products, McGraw Park, Illinois).

Packed cell volume (PCV) was

determined with an Adams autocrit centrifuge.

Plasma was obtained by

centrifugation $.t approximately 1,500 rpm for 10 min and was frozen
for later mineral analysis.
Total and L-lactic acid concentrations of protein-free rumen
fluid samples were determined as described for experiment 1.

Plasma

Ca, Mg, Na, and K were determined by atomic absorption spectrophotometry.
Ca and Mg determinations were done in the presence of .5% lanthanum to
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prevent P interference.

Plasma P was- determined by the method .of Fiske

and Subbarow (Oser, 1965).
Data were analyzed by the same statistical method as described
for experiment 1.
Results and Discussion
Some differences were observed between individual animals in
tolerating the high-concentrate diets.

Some animals consistently

consumed the entire ration (1.36 kg), but most lambs reduced their
voluntary feed intake after the second day and then resumed normal
feed intake before the end of the 7-day experimental period.

All lambs

exhibited varying degrees of soft feces, but none had extreme diarrhea,
lameness, or other clinical signs of acidosis described by Bhattacharya
and Warner •(1967) or Dunn (1977).
The influence of dietary buffers on daily and average feed
intake is summarized in table 3.

NaHC0

3

addition to the high-concentrate

diet at a 2% level tended to increase the 7·- day average feed intake,
while bentonite and limestone tended to reduce it compared to the
control.

Of the various treatments, only 2% NaHC0

near normal feed intake on day 3 (P<.05, NaHC0

3

3

appeared to support

vs control).

Although only the 54-hr rumen samples taken from NaHco -fed
3
animals had a significantly higher (P<.05) pH than the control (table 4),
a general trend toward higher pH was observed in all the samples taken
from this treatment group.

Bentonite or limestone did not appear to

increase ruminal pH in comparison to controls duri?g the 7-day period.
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TABLE 3.

Treatment a

Control

LEAST SQUARES MEANS OF AVERAGE DAILY FEED INTAKE
(EXPERIMENT 2)
Dab
1
2
3
4
- - - - - - - - - kg

5

6

7

7-day
avg

1.36

1.15

• 53

.76

1.11

1.18

1.12

1.03

1.36

1.22

1.01*

.92

1.09

1.18

1.13

1.13

2% bentonite

1.36

1.11

.80

.95

.79

.94

.95

.99

2% limestone

1. 36

1.04

.67

.65

.74

.93

.97

.91

.

.

2% NaHC0

3

a

.

Pooled standard error was .116 for entire experiment and .006 for
7-d~y average.
Time effect is significant (P<.01).
* Differs (P<.05) from control within the same sampling time.
Both total and L(+) lactate production increased (P<.01) with
time up to -54 hr after high-concentrate feeding, but no differences
were observed between treatments.

Only small amounts of lactic acid

were detected in the rumen samples from all treatment groups in response
to the first feeding but rose abruptly at 6 hr postfeeding on the second
day (30 hr).

Lactic acid continued to be elevated following feeding

on the third day (54 hr).

In most instances, both total and L(+) lactate .

values dropped to around initial values by 150 hr, indicating that the
animals were becoming adapted to the high-concentrate diet by this
time.

One animal from the 2% limestone group in the second latin square

period had abnormally high lactic acid, raising (P<.05) the average
total lactic acid at 54 and 150 hr and L-lactic acid at 54 hours.
The ratios of D to L isomer were around 1:1 and appeared not to be
'influence d by sampling time and buffers.

TABLE 4.
Item
pHb

Total lagtate,
µg/ml

L(+) lac ate,
µg/ml 6

LEAST SQUARES MEANS OF R~ pH, TOTAL LACTATE AND L(+) LACTATE (EXPERIMENT 2)
SamEling time (hr)
24
30

sfilf

Treatment

0

2

6

Control
2% NaHC0
3
2% bentonite
2% limestone

7.13
7.13
7.14
7.09

6.70
6.94
6.68
6.69

6.27
6.39
6.20
5.99

Control
2% NaHC0
3
2% bentonite
2% limestone

4.1
4.5
4.0
4.0

6.1
5.5
20.8
38.1

8.5
7.1
5.7
6.8

63.3
16.9
42.3
462.7

1458.4
1263.3
1589.3

951.8
742.3
2170.0
3684.1"''(

11.8
14.5
8.6
2507.3*

727 .6

Control
2% NaHC0
3
2% bentonite
2% limestone

5.6
4.1
5.0
3. 7

3.2
1.5
13.4
11. 7 ·

7.7
7. 1
6.9
5.7

41. 7
10.7
21.2
316.7

248.5
767. 2
462.6
790.9

516.0
438.0
988.8
1963.5*

6.6
5.3
6.6
1171.0

347.7

5.83
6.11
5.80
5.64

5.38
5.52
5.35
5.34
411. 2
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5.38
5.76*
5.27
5.25

150
5.49
5.66
5.54
5.25

.10

a
b Pooled standard error.
Time effect is significant (P<.01).
* Differs (P<.05) from control within the same sampling time.

V1
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Increased feed intake with low levels of NaHco

3

in lamb diets

has been reported (Saville et al., 1973), but other results show no
benet"it (Hoar et al., 1969; 1970) or reduced feed intake (Kromann and
Meyer, 1966a) over medium to long-term feeding periods.

Improved

feed intake and weight gain during the first few weeks of highconcentrate feeding have been attributed to low levels of dietary
limestone, NaHC0 , or bentonite by Dunn (1977) and Huntington et al.
3
(1977a,b).

Some researchers have indicated that low levels of NaHco

3

tend to increase ruminal pH (Lee and Matrone, 1971; Kezar and Church,
1979b; James and Wohlt, 1980), but limestone and bentonite generally
have not aided in maintaining ruminal pH after high-concentrate feeding
(Raun ~al., 1962; Nicholson et al., 1963a; Rindsig et_ al., 1969;
Colling

~

al., 1979).

results in that NaHC0

3

Present results generally agree with those
was effective, although slightly so in this

experiment, and bentonite and limestone were not effective in
maintaining feed intake and ruminal pH.
Increased (P<.05) acetic, decreased (P<.01) propionic, and
thus a higher (P<.05) ratio of acetic to propionic acid were observed
for the 2% limestone treatment in the rumen fluid samples taken at 30
hr (table 5).
sampling times.
(P<.01).

Howeve r, these differences were not apparent at other
The molar percentage of each VFA varied with time

With increases in time, there were decreases in acetic,

isobutyric, and isovaleric acids and increases in propionic, butyric,
and valeric acids.

The decreased acetic, increased propionic and

butyric, and lower acetic to propionic ratio obtained in the present

TABLE 5.

Item

Total VFA,
µmole/ml

Acetic,
mole/100 moles

Propionic,
mole/100 moles

Isobutyric, ·
mole/100 moles

Butyric,
mole/100 moles

Isovaleric,
mole/100 moles

LEAST SQUARES MEANS OF RUMINAL VFA CONCENTRATION (EXPERIMENT 2)

Treatment

0

2

SamEling time (hr)a
30
24

6
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150

SEMb

Control
2% NaHCO
2% bentoJite
2% limestone

21.6
25.8
26.6
23.9

44.1
41. 5
38.8
38.5

47.6
49.7
49.7
49.7

53.7
52.4
55.7
53.1

63.2
59.7
53.6
58.2

54.9
51.1
65.7
39.3

75.8
73.9
77. 9
63.9

1.38

Control
2% NaHC0
3
2% bentonite
2% limestone

60.1
58.5
61.6
61. 4

55.2
57.4
57.9
57.5

53.6
54.5
56.5
55.1

41.9
46.0
45.1
50.5

40.9
44.9
45.2
50.4*

45.7
39.• 4
45.3
54.3

42.5
43.9
42.1
40.3

2.69

Control
2% NaHC0
3
2% bentonite
2% limestone

22.5
23.8
21.7
21.9

26.6
25.0
24.0
25.0

29.0
27.0
26.2
27. 7

32.4
31.5
28.0
25. 9

34.1
30.3
27. 7
25.3**

27.8
30.8
28.4
25.7

28.9
25.1
29.5
23.5

1.97

Control
2% NaHCO
2% bentorlite
2% limestone

2.7
2.6

1.4
1.4
1.3
1.5

1.0
1.1
.8
.8

.5
.7
.6
.6

.3
.6
.4
.5

.4
.4
.8
.3

.5
1.0
.8
1.5

.18

Control
2% NaHCO
2% bentorlite
2% limestone

8.9
9.3
8.2
8.1

11.4
11.0
11. 8
10.8

12.3
13.0
13.6
13.5

22.6
19.1
23.9
20.8

22.3
21. 7
25.0
21. 9

21.4
25.6
21.9
16.7

21.2
21.9
19.5
25.5

2.38

Control
2% NaHC0
3
2% bentonite
2% limestone

4.3
4.1
4.2
4.2

2.8
2.6
2.4
2.6

2.2
2.3
1.4
1.4

1.4
1.5
1.2
1.2

1.1
1.3
.8
.9

1.7
1.6
1.4
.9

2.5
3.8
2.7
3.0

.39

2.5
2.7

VI
VI

TABLE 5 CONTINUED
SamEling time (hr)a
6
24
30

Item

Treatment

0

2

Valerie,
mole/100 moles

Control
2% NaHC0
3
2% bentonite
2% limestone

1.5
1.8

2.8
2.7
2.6
2.6

2.0
2.1
1. 6
1.5

1.2
1. 2
1.2
1.0

Control
2% NaHC0
3
2% bentonite
2% limestone

2.7
2.5
2.9
2.9

2.1
2.3
2.4
2.3

1.9
2.0
2.2
2.0

1.5
1.5

Acetic/propionic

1. 6
1.9
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150

SEMb

1.3
1.3
1.1
1.1

3.0
2.2
2.2
2.2

4.4
4.4
5.5
6.1

.45

1.2

2.2
1.4
1.9
2.1

1.5
1.9
1. 7
2.0

.29

1.7

1.6
1. 7

2.1

2.3*

: Time effect is significant (P<.01) in all VFA.
Pooled standard error.
* Differs (P<.05) from control within the same sampling time.
** Differs (P<.01) from control within the same sampling time.

V,

°'

.~
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study are similar to observations described by others (Uhart and Carroll,
1967; Rumsey et al., 1970; Latham~ al., 1971; Kezar and Church, 1979a)
as typical changes in VFA profiles after high-concentrate feeding.
The results of blood analysis (table 6) indicate that plasma
mineral concentrations and PCV were generally not i~fluenced by dietary
buffers but were affected (P<.01) by sampling time.

However, lambs fed

2% limestone had higher (P<.05) plasma Ca levels at 150 hr, presumably
due to the higher Ca content in the diet.
2% NaHC0

3

Higher serum Ca in lambs fed

or 1.5%. NaCl (Saville et al., 1973) and less serum Ca in lambs

fed 4% bentonite and 2% or 4% NaHC0
been reported, but neither NaHC0

3

3

(Huntington et al., 1977b) have

nor bentonite affected plasma Ca under

the condition of the present study.

Plasma samples from sheep on 2%

bentonite at 30 hr had lower (P<.05) plasma Na values.

None of the

buffers influenced the plasma concentration of Mg, K, or Pat various
sampling times.
Higher (P<.05) PCV was observed in the blood samples (150 hr)
from 2% bentonite-fed animals without any effect being associated with
the other buffers.

Hemoconcentration has been reported for animals

with severe acidosis following consumption of high levels of grain
(CSIRO, 1949-1959; Dunlop and Hanrrnond, 1965) or lactic acid administered
intraruminally (Telle and Preston, 1971).

However, all animals in ~his

study showed decreased PCV after being fed ~he high-concentrate diet
with the bentonite-treated lambs showing the least change.

Animals used

in this experiment did not develop diarrhea to the extent that is
sometimes observed in acidotic animals and this may have allowed a

TABLE 6.

LEAST SQUARES MEANS OF BLOOD PARAMETERS (EXPERIMENT 2)

Item

Treatment

Ca, mg/100 ml

Control
2% NaHCO
n bentorlite
2% limestone
Control
2% NaHCO
2% bentotlite
2% limestone

Mg, mg/100 ml

Na, mg/100 ml

K, mg/100 ml

P, mg/100 ml

Sampling time (hr)a
6
30
24
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9.55 ' 9.46
9.71
9.40
9.65
9.65
9.70
9.53

9.60
9.51
9.69
9.78

9.59
9.61
9.74
9.80

9.40
9.34
9.54
9.55

9.19
9.24
9.48
9.59

9.23
9.33
9.45
9.66*

.13

2.05
2.08
2.03
2.08

1.96

1.84
1. 93
1.84
1.81

1.78
1.80
1.80
1.75

1.86

1.98
2.00
1. 99

1. 81

2.20
2.21
2.10
2.03

.06

0

2

2.00
2.01
2.03
2.00

270.1
270.1
268.9

264.1
265.5
260.9
263.5

274.8
281.3
264.3*
267.1

271. 4
272.6
267.0
267.3

269.9
269.1
269.0
265.0

2.62

14.9
14.9
15.7
15.0

14.9
15.6
15.0
14.6

15 .1
14.7
14.2
14.7

14.6
14.6
13.9
14.4

14.7
15.1
15.1
13.7

.51

Control
2% NaHC0
3
2% bentonite
2% limestone

263.8
262.8
260.6
262.5

275.0
276.3
271.4
272.8

277 .o

Control
2% NaHC0
3
2% bentonite
2% limestone

14.4
15.8
15.5
14.6

15.8
15. 6
15.8
15.8

Control
2% NaHC0
3
2% bentonite
2% limestone

4.58
4.60
4.93
5.50

5. 71
6.20
5.14
6.26

1.78
1.74

SEMb

4.88
4.88
4.64
5.26

5.74
6.03
5.13
5.79

5.29
5.36
4.65
5.50

4.46
5.43
4.69
4.99

5.06
6 .14
4.86
4.51

.41

V,

C0

TABLE 6 CONTINUED

-Item
PCV, %c

Treatment

0

Control
2% NaHC0
3
2% bentonite
2% limestone

31.4
31. 9
33.4
33.4

2
'28. 9

28.8
30.3
30.3

Sampling time (hr)a
24
6
30
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150

SEMb

27. 0
17.0
29.8
29.5

26.3
25.3
28.8
29.4

23.8
24.9
28.3*
27 .1

1.37

29.3
28.4
30.3
30.0

26.4
26.0
28.3
29.1

~ Time effect is significant (P<.01) in all items.

Pooled standard error.
c Packed cell volume.
* Differs (P<.05) from control within the same ~q.ID~l!ng tt~e,

V,

\0

I
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greater conservation of water needed to maintain normal plasma osmolarity.
This conclusion is supported in part by the observations of Australian
workers (CSIRO, 1949-1959) who have indicated that acidotic animals
tended to reduce urine excretion.

Also, decreased PCV has been reported

in sheep fed corn syrup (Vestweber et al., 1974) and_ Braide and Dunlop
(1969) reported that intravenous injection of L-lactate to the sheep
decreased PCV but D-lactate caused hemoconcentration.

Approximately

equal concentrations of the D and L isomers of lactic acid were ·present
after the initial 24 hr of the 7-day study reported herein.
Summary
An experiment using a double 4 x 4 latin square design was

conducted to study the effects of NaHC0 , limestone, and bentonite at
3
2% levels on feed intake, rumen fermentation, and blood mineral concentrations of c~nulated lambs _changed abruptly from brome hay to a 92%
concentrate diet followed by a 7-day feeding period.

Although slight

benefits regarding feed intake and maintenance of rumen pH were obtained
by adding NaHC0

3

to the high-concentrate diet, buffers generally did

not prevent the acidosis-related changes in rumen lactic acid, VFA,
or plasma mineral concentrations occurring after high-concentrate
feeding.
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EFFECT OF BUFFERS AND ALFALFA HAY ON RUMEN AND BLOOD PARAMETERS OF
SHEEP FOLLOWING AN ABRUPT CHANGE TO HIGH-CONCENTRATE DIET AND
THEIR EFFECT ON NUTRIENT DIGESTIBILITIES FOLLOWING
ADAPTATION (EXPERIMENT 3)
Introduction
A gradual increase in grain over a period of 2 to 4 weeks is
commonly required before ruminant animals become adapted to highconcentrate diets.

Dietary additions of low levels of NaHco , bentonite,
3

or limestone have been suggested to shorten this period and/or reduce
the severity of acidosis occurring during adaptation.

However, results

of the previous study (experiment 2) indicate that dietary buffers had
little effect in altering the typical changes in ruminal fermentation
and blood minerals occurring during the first week of high-concentrate
feeding, indicating that buffers may benefit animal performance in some
~

way other than by merely normalizing rmninal fermentation.

Small

quantities of roughage have often given .ruminant animals protection
from severe acidosis.

Therefore, a response from dietary buffers may

not be fully obtained when especially good quality hay is included in
the diet.
Objectives of studies reported herein were (1) to investigate
the effects of buffers and limited quantities of alfalfa hay on
physiological and rumen fermentation changes occurring in lambs during
the early phase of adaptation to high-concentrate diets and (2) to
study ruminal and systemic parameters and nutrient utilization as
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influenced by buffers in the diets of lambs previously adapted to the
high-concentrate diet.
Experimental Procedure
Twenty wether lambs weighing an average of 35 kg were housed in
indoor pens and offered ground brome hay at a rate of approximately 3%
of body weight for 2 weeks.

They were then placed in metabolic cages

for an additional 5 days, while continuing the brome hay feeding, to
allow adjustment to the new environment.

They were then allotted

randomly to five dietary treatments on the basis of body weight with four
replications per treatment.

The five dietary treatments were control,

2% bentonite, 2% limestone, 2% NaHC0 , and 10% alfalfa hay added to a
3
concentrate diet.

The all-concentrate diet consisted of 97% corn (IFN

4-02-932), 1.5% soybean meal (IFN 5-04-604), 1% limestone (IFN 6-02-632),
.5% trace mineral salt, 2,000 IU vitamin A, and 20
diet.

Bentonite, limestone, and NaHC0

3

IlJ vitamin E per kg

at 2% levels and alfalfa hay

at a 10% level were added at the expense of the total diet.
Sodium bentonite used in this experiment was 'Volclay' feed
crumble grade (American Colloid Company, Skokie, Illinois) and limestone
was feed grade limestone (Iowa Limestone Company, DeMoines, Iowa) having
a minimum 39.60% Ca content.

Approximately i3.5% of the limestone was

finer than 149 microns, 53.7% was between 149 and 850 microns, and 32.8%
was coarser than 850 microns.
Phase 1.

During the initial 3 days (phase 1) on the high-

concentrate diets, 1.100 kg of control diet, 1.122 kg of the bentonite,
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limestone and NaHC0

3

diets, and 1.210 kg of the 10% alfalfa diet were

offered to respective animals once a day.

This allowed all treatment

groups to receive identical amounts of the all-concentrate portion.
All the lambs were allowed to drink water ad libitum.

Feed and water

intake were recorded daily.
Urine samples were collected in plastic containers with minimum
contamination of feces and feed, and the volume was recorded daily.
Urine pH was measured for each sample, and an aliquot was frozen for
/ later chemical analysis.

Rumen samples were taken by stomach tube and

blood samples by jugular vein puncture at 1 day before (representing
the brome hay feeding period) and 1, 2, and 3 days after feeding the
experimental diets.
feeding.

Samples were collected each day at 6 hr· post-

After measuring the rumen fluid pH, all samples were frozen

until the time of analysis.

The heparinized blood samples were analyzed

for PCV and processed to obtain plasma in the same way as described for
experiment 2.

The plasma samples were then frozen for later analysis.

Total lactic acid in the rumen, blood, and urine samples was
determined by the method of Baker and Summerson (1941) after being
deproteinized with 7.5% TCA.

Rumen VFA was determined as described

for experiment 1 on the rumen fluid acidified with approximately 4%
metaphosphoric acid.

The minerals in rumen, blood, and urine samples

were determined by atomic absorption spectr9photometry except P which
was determined by the Fisk and Subbarow colorimetric method (Oser,

1965).

All the urine samples were acidified with 3% HCl (v/v) before

mineral analysis.

Urine ammonia nitrogen (NH -N) was determined using
3
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an ammonia electrode and microprocessor Ionalyzer/901 (Orion Research,
Cambridge, Massachusetts) in the presence of excess NaOH to release
ammonia.
Phase 2.

For phase 2 of experiment 3, the same lambs used in

phase 1, except the 10% alfalfa group, were kept in the metabolic cages
and continued on the same diets until they appeared to be adapted to the
concentrate diets; this occurred in 15 days.

All animals began to

reduce feed intake from day 4 but resumed normal feed intake by day 15.
The feces also became a normal pellet type.

After this time, 900 g of

the all-concentrate control diet were fed once daily to the control
group and 915 g of the bentonite, limestone, and NaHC0
to the respective groups.

3

diets were fed

After 5 days of constant feed intake, urine

and feces were collected during an additional 5-day period.
Tota£ feces were collected once daily in plastic bags, fecal pH
was measured, and the samples were frozen.

After completion of the

5-day collection, samples were thawed, pooled for each animal and
weighed.

The pooled samples were dried in a forced-air drying oven at

70 C for 48 hr, ground, and stored in closed glass jars for later
analysis.

Urine volumes were recorded daily.

Urine pH was measured

and an aliquot of each sample was frozen in the same manner as described
for phase 1.

After completion of the experiment, the five daily urine

collections were pooled for each animal and an aliquot of each pooled
sample was saved fo~ later analysis.

On

the last collection day at

6 hr postfeeding, blood and rumen samples were obtained from each
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sheep.

The procedures for collection of blood and rumen samples were

the same as for phase 1.
The determinations of lactic acid in blood, rumen, and urine
samples, VFA in rumen and urine samples, and NH -N in urine samples
3
were as described for phase 1.

Proximate analysis of feed and fecal

samples and determination of total nitrogen in urine samples were by
AOAC (1975) procedures.

Feed and fecal samples for Na, K, Ca, and P

analyses were moistened with 95% (w/v) Mg(N0 ) "6H o solution to
2
3 2
prevent P volatization during ashing.
furnace at 550 C for 4 hours.

Ashing was done in a muffle

Additional samples for Mg· determination

were ashed, without prior treatment, _at 800 C for 30 minutes.

Minerals

in the acid-soluble ash were analyzed as described for phase 1.
pH was measured by the following procedure.

Fecal

Teng of fresh feces were

soaked in 20 ml distilled water, slurried in a mortar, and pH was
measured using a glass electrode after equilibration at room temperature
for 10 minutes.

Starch in feed and fecal samples was analyzed by acid

hydrolysis (AOAC, 1975) following completion of the glucose determination
by the method of Nelson and Somogyi (Oser, 1965).

Statistical analysis

of collected data was performed as described previously for
experiment 1.
Results and Discussion
Phase.!_, Initial 1_ Days.

Average daily feed and water consump-

tion as influenced by various buffers and alfalfa hay is shown in
table 7.

All lambs consumed the entire daily ration on the· first and

second days.

However, at day 3, animals given the all-concentrate
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TABLE 7.

EFFECT OF BUFFERS ON AVERAGE FEED AND WATER INTAKE
(EXPERIMENT 3, PHASE 1)

Item
Avg feed intake,
kg/day

Avg water intake,
liters/day

Treatment

-1

Sam:eling time (day)
2
1
3

Control
2% bentonite
2% limestone
2% NaHCO
10% alfaffa
Control
2% bentonite
2% limestone
2% NaHCO
10% alfaffa

2.61
2.16
2. 03
2. 27
1.92

SEMa

1.10
1.12
1.12
1.12
1.21

1.10
1.12
1.12
1.12
1. 21

.70
1.05
.84
1.21*

.101

2.15
2.00
1.70
2.49
2. 71

2.66
2.78
2.23
2.60
2.86

1. 84
2.45
2.18
2.47
2.98

.386

1.12ic

: Pooled standard error.
Time effect is significant (P<.05).
* Differs (P<.05) from control within the same sampling time.
control, 2% bentonite, or 2% limestone diets reduced consumption, while
those fed the 2% NaHC0
ration.

3

or 10% alfalfa diets consumed all the daily

This resulted in higher (P<.05) feed intake for the NaHC0

3

and

alfalfa groups compared to the control on day 3.

This is similar to

results obtained in experiment 2 where 2% NaHC0

increased feed intake

3

but the same level of bentonite or limestone did not.

Numerical differ-

ences in water intake were obtained among treatments, but the differences
were not significant because of large variations as evidenced by the
standard error.
Lambs fed the buffered or 10% alfalfa diets tended to maintain
higher rumen pH than those fed the control diet (table 8).

Statistical

analysis showed that rumen pH was increased (P<.05) by 2% bentonite,
2% limestone, and 10% alfalfa hay at day 2 and by 2% NaHC0

3

and 10%
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TABLE 8.

Item
Rumen pHb

Rumen la£tate,
µg/ml

EFFECT OF BUFFERS ON RUMINAL pH AND LACTATE
(EXPERIMENT 3, PHASE 1)

Treatment

-1

Control
2% bentonite
2% limestone
2% NaHCO
10% alfaffa
Control
2% bentonite
2% limestone
2% NaHCO
10% alfaffa

6.94
7.05
6. 96
6.79
6.89
3

5

4
3
3

Sampling time (day)
2
1
6.67
6. 96
7.02
6.83
6.80
7
41
4
4·
4

3

5.36
5.96*
5.94*
5.88
5.96*

5.06
5.43
5.60
5. 71*
5. 71*

3584

6006
2374
1494
538
57

2

77
5

7

.14

1592

: Pooled standard error.
Time effect is significant (P<. 01).
* Differs (P<.05) from control within the same sampling time.
alfalfa hay at day 3.

No lactate accumulations were obvious at 6 hr

postfeeding on day 1, but all lambs began to have elevated concentrations
of lactic acid by day 3.

Lambs receiving buffers or alfalfa hay tended

to have lower levels of lactate than those receiving the control diet,
and this was most obvious in alfalfa hay-fed lambs where average lactate
values were only 1% as high as that of the controls and 10% as high as
the NaHC0 -£ed lambs.
3

Therefore, only 10% alfalfa hay in the concen-

trate diet appeared to be very effective in reducing the degree of
acidosis occurring during rapid change from roughage to a concentrate
diet.
Data (table 9) concerning total VFA production and molar percent
of individual VFA indicate that lambs fed bentonite at days 2 and 3 and
those fed limestone or NaHC0

3

at day 3 had higher (P<.05) proportions
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TABLE 9.

EFFECT OF BUFFERS ON RUMINAL VFA CONCENTRATION
(EXPERIMENT 3, PHASE 1)

Item

Treatment

Total VFA, b
µmole/ml

Acetic,
mole/100 moleb

Prop ionic,
b c
mole/100 mole'

Butyric,
mole/100 moleb

Valerie,
mole/100 moled

. I prop1on1c
. . b,
Acetic

C

-1

Control
2% bentonite
2% limestone
2% NaHCO
10% alfaffa

19.7
18. 0
18.9
25.1

Control
2% bentonite
2% limestone
2% NaHCO
10% alfaffa

76.4
75.1
74.8
68.1
74.0

Control
2% bentonite
2% limestone
2% NaHCO
10% alfaffa

15.9
16.5
.16. 5
18.9
17.2

Control
2% bentonite
2% limestone
2% NaHCO
10% alfaffa

6.4
6.9
7.3
10.9
7.3

Sampling time (day)
1
2
3

20.5

44. 6 - 33.2
40.5
31.0
50.2
37.1
42.8
43.3
40.9
42.7

28.3
50.8
47.9
84.3
65.8

8.3

63. 9
68.1
68.6

49.6
50.6

63. 6

54.2
60.0

53.7
43.2
47.9
53.0
52.8

4.8

67.1
26.1
21.4

20.3
21. 9

23.2

40.6
33.0
31.0
28.9
24.8

8.1

8.9

9.4
8.7
12.0
7.9

13. 8

Control
2% bentonite
2% limestone
2% NaHCO
10% alfaffa

.56
.81
.43
.76
.45

.83
.74
.79
.68
.95

Control
2% bentonite
2% limestone
2% NaHCO
10% alfaffa

4.90

2.49
3.23
3.39
3.01
3.02

4.57
4.55
3.64
4.33

51.2

16.0

14.7
12.7

28.6
35.8
· 31.0

30.1
22.7

4.9

17.6
19.3
13.2
14.0
22.9

2.8

.56
1.60*
.96
.90
1. 24

.01
1.16*
1.49*
• 99,~
.82

.23

1.26

2.28
1.24
1.44
2.14
2.44

.66

1.54
1.68
2.23
3.07

a Pooled standard error.
b Time effect is significant (P<.01).
C
d Timex treatment interaction is significant (P<.01).
Time effect is significant (P<.05).
* Differs (P<.05) from control within the same sampling time.
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of valeric acid when compared with the controls, but this difference is
of doubtful importance since valeric acid comprised only 1.6% or less
of the total VFA.
treatment.

Other VFA molar percentages were not influenced by

This is largely in agreement with the results obtained in

experiment 2 in which the same levels of buffers did not alter VFA
ratios.

All of the lambs on the buffer or hay treatments tended to

have higher total rumen VFA concentrations at days 2 and 3 compared to
those fed the control diet.

It is assumed that this is due to the
I

higher rumen pH facilitated by buffers as evidenced from the results
obtained under in vitro conditions in experiment 1 and the data reported
by others (Brown and Tucker, 1962; Esdale and Satter, 1971).
As shown in table 10, there were no differences between the
control and any of the other treatments regarding mineral concentrations
in the rumen ~except for higher (P<.05) Na levels associated with the
NaHC0

3

treatment at day 1.

All rumen mineral concentrations were

affected by sampling time (P<.01) and there was a sampling time by
treatment interaction (P<.01) for rumen P concentration.

This appeared

to be due to a tendency for P to increase proportionately less in the

10% alfalfa group than in the other groups on days 2 and 3 of highconcentrate feeding.

Since the dietary mineral concentrations were

different between the preconcentrate (-1 day) and postconcentrate (1 day)
feeding periods, it is difficult to judge which changes were due to the
onset of acidosis and which were merely reflections of the differences
in mineral concentrations of the previously fed hay diet and the
concentrate treatment diets.

Reduced concentrations of ruminal Na, K,
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TABLE 10.

EFFECT OF BUFFERS _ON RUMEN MINERAL CONCENTRATIONS
(EXPERIMENT 3, PHASE 1)
Sampling time (day)

Item

Treatment

-1

1

2

3

sfilf1

mg/100 ml
Nab

Kb

Cab

Mgb

pb,c

Control
2% bentonite
2% limestone
2% NaHCO
10% alfaifa

90
105
100
149
130

109
144
143
2121<
144

155
172
167
228
173

184
175
181
205
175

21.5

Control
2% bentonite
2% limestone
2% NaHCO
10% alfaffa

266
241
254
191
204

208
170
180
113
142

150
128
. 128
68
117

95
92
75
59
74

27.4

17 .o

Control
2% bentonite
2% limestone
2% NaHCO
10% alfaffa

18.1
18.1
20.6
19.0

10.3
13.1
11.5
10. 9
13.3

12.3
13 .1
14.2
11. 9
19.7

15.3
14.0
16.6
13. 5
19.1

3.02

Control
2% bentonite
2% !imestone
2% NaHCO
10% alfaffa

8.5
8.8
8.5
9.8
8.1

7.2
8.9
7.1
7.6
7.2

18.0
14.7
15.3
14.7
14.1

13. 7
16.8
11. 9
13.5
12.4

1.18

Control
2% bentonite
2% limestone
2% NaHCO
10% alfa!fa

49
50
64
61
55

75
65
72

68
61

117
119
107
104
85

110
122
108
96
85

a
Pooled standard error.
b Time effect is significant (P<.01).
C
Timex treatment interaction is significant (P<. 01).
* Differs (P<.05) from control within the same sampling time.

9.21
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and Cl in acidotic sheep receiving glucose (Huber, 1971) or increased
Na and Kin the rumen on a dry matter basis in lambs receiving lactate
(Telle and Preston, 1971) have been reported, but information regarding
rumen mineral concentrations during the onset of acidosis are scarce.
Compared to the control, buffer or hay treatments did not
influence blood parameters as evidenced by data presented in tables 11
and 12.

However, PCV decreased with time after concentrate feeding.

A similar observation was made in experiment 2.

Plasma lactate fell

below the -1 day values on the first day of high-concentrate feeding and
began to increase on days 2 and 3 to approximate preconcentrate feeding
levels.

Thus, the higher rumen lacta.t e concentrations occurring on

TABLE 11.

Item
PCV, %c

Blood lactate,
-µg/ml

a
b
C

EFFECT OF BUFFERS ON BLOOD LACTATE AND PCVa
(EXPERIMENT 3, PHASE 1)

Treatment

Sampling time (day)
2
1
-1
3

SEMb

Control
2% bentonite
2% limestone
2% NaHCO
10% alfa!fa

40
39
41
39
40

38
37
40
37
40

36
35
37
33
37

35
33
37
34
35

2.2

Control
2% bentonite
2% limestone
2% NaHCO
10% alf a!fa

411
382
473
360
493

299
191
147
135

379
394
323
320
397

557 .
385
378
299
302

70.3

Packed cell volume.
Pooled standard error.
Time effect is •significant (P<. 01).

181
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TABLE 12.

EFFECT OF BUFFERS ON BLOOD MINERAL CONCENTRATIONS
(EXPERIMENT 3, PHASE 1)

Item

Treatment

Nab,d

Control
2% bentonite
2% limestone
2% NaHCO
10% alfa!fa

Kc,d

Cac,d

Mgb

pb,d

-1
265
259
260
263
256

Control
2% bentonite
2% limestone
2% NaHCO
10% alfa!fa

20.2
19.0
19.9
20.0

Control
2% bentonite
2% limestone
2% NaHCO
10% al_f a!fa

Sam:Qling time . (day2
2
1
mg/100 ml
268
266
268
270
270

262
269
264
264
269

3

SE}f

262
264
266
272
260

3.00

21.6

18. 619.9
18.9
17.2
20.2

18.9
20.1
· 19.1
16.0
19.8

18.4
16.7
18.0
15.9
16.4

.85

10.0
10.4
10.8
10.8
10.6

10.1
10.3
10.8
10.l
10. 7

9.8
10.0
10.1
9.8
10.2

9.8
9.6
9.8
9.7
9.6

.42

2.10
2.38
2.23
2.05
2.23

1.98
2.18
2.15
2.03
2.13

.15

9.0
9.5
9.0
8.4
8.7

6.9
9.4
8.4
9.0
8.6

.70

Control
2% bentonite
2% limestone
2% NaHCO
10% alf a!fa

2.20
2.48
2.25
2.35
2.23

Control
2% bentonite
2% limestone
2% NaHCO
10% alf a1f a

7 .. 5
7.0
8.3
7.5
9.2

2.13
2.30
2.25
2.18
2.35
10.5
9.6
8.8
10.0
9.4

a
Pooled standard error.
b
Time effect is significant (P<. 05).
C
Time effect is significant (P<. 01).
d
Timex treatment interaction is significant (P<.01).

73

day 3 appeared to exert very little influence toward increasing blood
lactate above pretreatment levels.

Hemoconcentration (CSIR0, 1949-1959;

Dunlop and Hammond, 1965; Telle and Preston, 1971) and elevated blood
lactate (CSIR0, 1949-1959; Dunlop, 1961; Huber, 1969b; Vestweber and
Leipold, 1975) have been reported as typical changes observed in
acidotic ruminant animals, but hemodilution and subsequently lower blood
lactate concentrations were observed in this experiment. _ Plasma Na
values were erratic and tended to be higher following concentrate
feeding, but they were unaffected by the buffer or hay treatments.
Urine volume was not influenced by dietary treatment but was
influenced by sampling time (P<.01) and the response was different with
different dietary treatments as evidenced by the interaction (P<.05)
between sampling time and treatment (table 13).

Lambs fed 2% NaHco

3

excreted increasing amounts of urine after high-concentrate feeding,
'

while those on all other treatments excreted lower volumes on day 2
and then increased urine volume at day 3.

Urine samples taken during

the hay feeding period (-1 day) and on day 1 of the concentrate feeding
period maintained an above neutral pH.

In all instances, urine pH began

to fall on the second day and, with the exception of urines from lambs
fed 2% NaHco , was acidic on day 3.
3
receiving NaHC0

3

Compared to the controls, lambs

had higher urine pH at day 2 (P<.05) and at day 3

(P<. 01).

Ruminant animals consuming high-concentrate diets (Krogh, 1961;
Uhart and Carroll, 1967) or receiving high doses of acids (Telle and
Preston, 1971; Williams and Pickering, 1980) normally excrete an acidic

TABLE 13.

Item

EFFECT OF BUFFERS ON URINE PARAMETERS (EXPERIMENT 3, PHASE 1)

Treatment

Urine vol~me,
ml/day ,c

Urine pHb,d

Total NH -N
excreied,
g/day

Urine lac ate,
mg/day

6

Control
2% bentonite
2% limestone
2% NaHCO
10% alfa!fa

-1
708
775
579
495
680

SamEling time (day)
2
1

796
.588
393
600 .
889

505
400
393
808
416

3
854
914
396
908
610

SEMa

303.2

Control
2% bentonite
2% limestone
2% NaHCO
10% alfaffa

8.82
8.79
8.96
8.79

8.78
8.91
9.00
9.05
8.88

7.08
7.28
8.29
8.69*
7.89

6.15
5.47
6.08
8.51**
5.98

.38

Control
2% bentonite
2% limestone
2% NaHCO
10% alfaffa

2. 03
2.07
1.46
2.31
1.17

2.61
2.30 1.32
3.27
2.45

.23
.31
.48
1.10
.83

1.26
.57
.24
1. 22
.31

.86

Control
2% bentonite
2% limestone
2% NaHCO
10% alfaifa

8.83

93

92

89
103

59
55
101
90

84
112

791
52
125
1751
329

a
b Pooled standard error.
Time effect is significant (P<.01).
~Timex treatment interaction is significant (P<.05).
Timex treatment interaction is significant (P<.01).
* Differs (P<.05) from control within the same sampling time.
** Differs (P<.01) from control within the same smapling time.

4496
705*
530,·~
1915
399*

838.5

--..J

.i::,.

75

urine.

Various levels of NaHC0

(James and Wohlt, 1980; Hoar et al.,

3

1969, 1970; McLeod~ al., 1970), 2.5% Ca(OH)

2

(Bhattacharya and Warner,

1968), or a combination of limestone, NaHC0 , MgC0

3

3

and K co (Nicholson
2 3

et al., 1960) have been shown to elevate urine pH of animals fed highconcentrate diets.

On the other hand, some previously reported data

indicate that low levels of NaHC0
pH (Emery et al., 1964; Kilmer

3

~

accompanying the feeding of NaHC0

3

or limestone may not influence urine
al., 1980).

Alkaline urine

has been shown to be an important

factor in the formation of phosphatic urinary calculi (Hoar~ al.,
1969; Saville et al., 1973; Huntington~ al., 1977b; Dunn et al.,
1979), although that aspect was not studied in the present experiment.
Contrary to the results reported by Telle and Preston (1971)
showing that urinary NH -N increased during the onset of acidosis,
3
lambs ~ended . to excrete decreasing concentrations of urin~ry NH -N
3
after high-concentrate feeding in this study.

The same tendency was

obtained when NH -N was expressed as the total amount of NH -N excreted
3
3
per day.

The buffer or hay treatments did not affect urinary NH -N
3

excretion.
As evidenced from data in table 13, lambs excreted _m ore (P<.01)
lactate after being fed the high-concentrate diet than during the prior
brome hay feeding period.

It appears that the lactate concentration in

the urine is related to the concentration in the rumen, and the high
rate of lactate excretion allowed blood lactate levels to remain low
as indicated herein.

Buffers generally reduced urinary lactate
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excretion, and total urinary lactate values from lambs fed 2% bentonite,
2% limestone, or 10% alfalfa were lower (P<.05) than the control at
day 3.
Effects of the buffer or hay treatments on urinary mineral
excretion were very limited (table 14).
by lambs fed 2% NaHco
in this instance.

3

A higher (P<.01) Na excretion

was undoubtedly related to the higher Na intake

A higher (P<.05) Ca excretion by lambs fed 2%

bentonite occurred on day 3.

This group also had the most acidic

urinary pH at that time, and Buslnnan et al. (1968) have shown higher Ca
excretion to occur in an acidic urine.
~

In another study (Huntington

al., 1977a), bentonite fed at levels varying from 2 to 8% did not

affect urinary Ca levels or urinary pH in lambs previously adapted to an
80% concentrat~ diet.

During the 3 days of concentrate feeding,

increases (P<.05) occurred in urinary concentrations of Na, Ca, Mg, and
P, and a decrease was observed for urinary K compared to preconcentrate
treatment levels.

These re sults, although not specifically measurin_g

the effects of acidosis, tend to support observations of others showing
that the acidotic animal excretes elevated urinary levels of P (Topps,
1966; Williams and Pickering, 1980) and Ca (Stacy and Wilson, 1970).
Phase

l,

After 20 Days Adaptation.

Least squares means of rumen

pH, lactate, and VFA for lambs on the various buffer treatments appear
in table 15.

Average rumen pH for lambs on the various treatments were

in the range of 5.75 to 6.08 with a trend toward higher values for the
buffer treatments.

Rumen lactate values, having reached levels of 800
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TABLE 14.

Item

Nab,d

EFFECT OF BUFFERS ON URINARY MINERAL EXCRETION
(EXPERIMENT 3, PHASE 1)

Treatment

Sampling time (day)
1
2
3
------mg/day------1

Control
2% bentonite
2% limestone
2% NaHCO
10% alfa!fa

10
14
7
6

626

Control
2% bentonite
2% limestone
2% NaHCO
10% alfaffa

5765
5978
5688
6002
6499

5909
3823
3483
6584
5221

Control
2% bentonite
2% limestone
2% NaHCO
10% alfaffa

14

17

40

9

12
9

8
6
8

10

10

33
31
12
55

126

22.4

Control
2% bentonite
2% ' limestone
2% NaHCO
10% alfaifa

238
282
357
321
381

205
228
166
267
296

221
224
260
285
292

363
646
288
240
506

78.9

Control
2% bentonite
2% limestone
2% NaHCO
10% alfaifa

41

168

407

-5
3
4
3

3
2
6
5

77
11

483
524
46
213
176

151.0

8

8
7
8

9

14
113
6
3738**
75

145
686
28
4395**
436

3559
2021
2854
3069
2373

2567
2271
1721
1041

96
15

2048

259.3

649.1

75
197*
91
· 10

: Pooled standard error.
Time effect is significant (P<.01).
~Timex treatment interaction is significant (P<.05).
Timex treatment interaction is significant (P<.01).
* Differs (P<.05) from control within the same sampling time.
** Differs (P<.01) from control within the same sampling time.
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TABLE 15.

LEAST SQUARES MEANS OF RUMINAL pH, LACTATE AND VFA
(EXPERIMENT 3, PHASE 2)

Item
pH
Lactic acid, µg/ml
Total VFA, µmole/ml
Acetic, mole/100 mole
Propionic, mole/100 mole
Isobutyric, mole/100 mole
Butyric, mole/100 mole
Isovaleric, mole/100 mole
Valerie, mole/100 mole
Acetic/prop ionic

Treatment
2%
lime2%
Control bentonite stone
5.75
9.6
78.0
47.7
24.6
.57
21.4
.88
4.95
2.36

5.79
7.3
67. 3
46.5
23.3
.66
24.3
1.35
3.90
2.14

5.83
14.2
79.5
52.3
20.1
.35
19.3
.52
7.50
2.78

2%
NaHC0

3

6.08
10.3
77. 2
46.1
19.6
1.03
26.6
3.25
3.48
2.54

s~
.21
2.15
5.49
4.12
3.38
.19
1.91
.69
.94
.55

a Standard error.
to 3,800 µg/ml in phase 1, returned to about the same low levels as
those existi~g during the preconcentrate brome hay feeding period.
These values amounting to less than 15 µg lactic acid per ml of rumen
fluid were not influenced by the buffer treatments.

Neither total VFA

production nor individual VFA profiles were affected by dietary
treatment.

There were observed no significant changes in mineral

concentrations in rumen fluid samples except for the K concentration
which was lower (P<.01) in the 2% bentonite treatment group (table 16).
The same trend existed for all other minerals, lactic acid, and total
VFA in rumen fluid of bentonite-treated lambs and may indicate a
greater rumen fluid dilution associated with this treatment.
No dietary treatment effects were observed concerning PCV,
blood lactate, or blood mineral concentrations (table 17).

All blood
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TABLE 16.

LEAST SQUARES MEANS OF RUMEN MINERAL CONCENTRATIONS
(EXPERIMENT 3, PHASE 2)
Treatment
2%
2%
limestone
bentonite

Control

Item

2%
NaHC0

3

mg/100 ml
180

Na

198

181

148

10.6

K

70.3

56.3**

67 .o

68.0

2.33

Ca

10.0

10.0

28. 2

17. 3

4.70

Mg

12.4

9.2

10.7

10.9

.87

p

112

110

110

100

12.8

a

Standard error.
** Differs (P<.01) from control.

EFFECT OF BUFFERS ON . BLOOD PARAMETERS
(EXPERIMENT 3, PHASE 2)

TABLE 17.

Item
PCV, %b

Control

Treatment
2%
2%
bentonite limestone

2%
.NaHC0

3

SEM'4

34

35

34

34

1.3

Lactate, µg/ml

129

169

142

120

25.0

Na, mg/100 ml

266

274

279

278

1•• 8

K, mg/100 ml

17.9

18.9

18.0

18.4

.74

Ca, mg/100 ml

10.3

10.0

10.S

9.6

.21

Mg, mg/100 ml

2.43

2.75

2.45

2.30

.11

P, mg/100 ml

8.23

8.53

7.15

7.95

.so

a

Standard erro~.
b Packed cell volume.
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parameters were about the same as those observed at day 3 (phase 1)
except blood lactate levels which approximated pretreatment values.
Data on water intake and urine volume (table 18) indicate
that the buffers did not influence either.

However, large variations

existed for these parameters with some animals persistently drinking
and excreting volumes two to three times more than others.
2% NaHC0

3

Lambs fed

excreted an alkaline urine (P<.01) with control-, bentonite-,

and limestone-fed groups excreting acidic urine.

Comparing these data

with the urine pH data (table 14) from phase 1, it appears that urine
pH existing on the third day of high-concentrate feeding · remained
unchanged following adaptation.
It has been reported that acidotic animals excrete urinary
NH -N concomitant with the excretion of excess hydrogen ion (Telle and
3
Preston, 1971), and NaHC0

3

supplementation has been reported to reduce

urinary NH -N excretion (Bunn and Matrone, 1968).
3
present study animals fed NaHC0
fed control diet.

3

However, in the

excreted more (P<.01) NH -N than those
3

This accompanied a higher nitrogen digestibility

with no increase in nitrogen retention for this group (table 21).
Although the amount of acetic acid recovered in the urine was
small, distinctive differences existed among dietary groups (table 19).
Lambs fed 2% NaHC0

3

showed far higher (P<.01) urinary acetic acid

concentrations approximating those observed . during the preconcentrate
period when brome hay was fed.

Ruminant animals are not likely to

excrete VFA through urine in appreciable amounts.

Armstrong and

Blaxter (1957) reported that about 1.5% of infused VFA was recovered
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TABLE 18.

EFFECT OF BUFFERS ON WATER INTAKE AND URINE PARAMETERS
(EXPERIMENT 3, PHASE 2)
Treatment
2%
lime2%
Control bentonite
stone

Item

Water intake,
liters/day

2.21

Urine volume, ml/day
Urine pH
Urine NH -N, mg/ml
3
NH -N excreted,
3mg/day
Urine lactate,
mg/day

2.40

850

2%
NaHC0

2.14

1.97
400

927

sfilf

3

.304

696

317.4

5. 71

6.27

5.72

8.68**

.36

• 67

1.00

1.60

3.64*

.56

425

595

427

2351**

56

49

51

116*

233
14.9

a Standard error.
* Differs (P<.05) from control.
** Differs (P<.01) from control.

TABLE 19.

EFFECT OF BUFFERS ON URINARY ACETIC ACID EXCRETION
(EXPERIMENT 3, PHASE 2)
Treatment
2%
2%
limebentostone
nite

2%
NaHC0

Item

Control

Urine acetic, 11mole/ml

.09

.41

.36

4.88**

.58

Total acetic excretion,
mmole/day

.08

.20

.09

3.13**

.22

a Standard error.
** Differs (P<.01) from control.

3

SEMa
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in urine.

In a subsequent study (Armstrong et al., 1961), it was

reported that partial neutralization of acetic acid elevated urinary
acetic acid excretion by approximately five times.

Thus, VFA appears

to serve as an anion counterpart of a portion 0£ the excess Na cation
excreted in the urine of NaHC0 -fed animals.
3

Both NaHco

3

and bentonite

lowered urinary Ca excretion in this phase of the experiment, but Ca is
normally excreted in the urine of rtnninants in limited quantities.
Data pertaining to ration digestibilities, fecal starch, and pH
are presented in table 20.

Addition of 2% NaHC0

3

improved (P<.05) dry

matter, crude protein, nitrogen-free extract, and starch digestibility
of the all-concentrate ration.

Crude fiber digestibility was improved

(P<.05) by 2% limestone and tended to be improved by bentonite and
NaHC0 .
3

However, in this instance crude fiber was a very minor

constituent pf these all-concentrate diets.

Fecal starch percentage

was generally reduced by addition of buffers, but starch digestibility
proved to be a more accurate measure of treatment effects on this major
nutrient.

An apparently lower (P<.05) fecal starch concentration in

the bentonite-fed animals may be due in part to a dilution of fecal
starch by the indigestible bentonite.

Higher fecal pH was associated

with each buffer treatment in the order of NaHC0 >bentonite>limestone.
3
Emerick (1976) concluded that most of the benefits from use of
buffers in ruminant diets occur during the first few weeks of highconcentrate feeding prior to adaptation.

However, he and co-workers

reported improved performance of lambs to have resulted from long-term
feeding of 1% limestone (Dunn, 1977) but not 1 to 4% NaHC0

3

or 1 to 12%
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TABLE 20.

EFFECT OF BUFFERS ON RATION DIGESTIBILITY, FECAL pH
AND STARCH (EXPERIMENT 3, PHASE 2)
Treatment

Item
Dry matter,%
Crude protein,%
Crude fiber,%
Ether extract,%
Nitrogen-free extract,%
Starch,%
b
Fecal starch, %
Fecal pH

Control

86.7
75.4
34.3
84.9
90.9
94.4
32.8
6.56

2%

2%

bentonite

limest·one

87.2
73.7

87.8
75.9

52.5

59.0*

87.8
93.1

92.7

96.3

96.1

20.9*
6.94

24.0

86.3

6.69

2%
NaHC0

3

92.1*
83.1*
57.6
83.4
95.1*
97. 4-lt
25.0
7.09

1.11
2.12
6.10
1. 73
.76

.87
2.42

.17

~ Standard error.

*

Dry matter basis.
Differs (P<.05) from control.

bentonite (Huntington~ al., 1977a,b; Dunn~ al., 1979).

Beneficial

results £roll\ the feeding of limestone have been interpreted by Wheeler
(1979) to be dependent upon use of limestone having a fine particle
size and a high rate of reactivity imparting a higher pH to intestinal
contents, thus improving conditions for starch breakdown by pancreatic
amylase.

They further reported (Wheeler and Noller, 1977) fecal pH to

be a reasonable indicator of intestinal pH.

The limestone used in the

study reported herein was no more effective than bentonite or NaHC0
in raising fecal pH and increasing starch digestion.

3

However, starch

digest1on, being in excess of 94%, may have been approaching a maximum
potential.

On the other hand, fecal starch concentrations in excess of

20% observed in this study are higher than those associated with optimt.m1
starch digestion by Wheeler et al.

(1976, 1979, 1980).

However, their

84

studies utilized forage in the diets which contributed larger amounts
of indigestible fiber to dilute the fecal starch.

Thus, fecal starch

concentrations alone do not appear to be an effective indicator of
starch digestion.
As indicated in the mineral retention data (table 21), lambs
fed 2% bentonite retained more (P<.05) Mg, which is in agreement with
the results of a study by Huntington et al.

(1977a) but in disagreement

with those of Rindsig and Schultz (1970) who reported that dairy cows
receiving 5 or 10% bentonite had low Mg and P retention.

Some reported

data indicate that bentonite decreased N retention (Barney~ al.,
1974; Huntington et al., 1977a), but Rindsig and Schultz (1970) · reported
that N retention was improved as a result of adding 5 or 10% bentonite
to high-concentrate diets for dairy cows.

Under the experimental

conditions reported herein, dietary bentonite did not affect N retention.
Limestone greatly (P<.01) increased Ca retention.

According to

W. E. Wheeler (unpublished data), greater Ca retention and bone density
were observed in cattle fed limestone to provide .7% Ca compared to
.35%.

Retention of Kand P was not influenced by treatment.

Summary
Lambs weighing .an average of 35 kg were housed in metabolism
cages to study the effects of bentonite, limestone, and NaHC0

3

at 2%

levels and alfalfa hay at a 10% level added to all-concentrate lamb
diets.

Ruminal and systemic parameters were measured during the onset

of acidosis (phase 1).

The effects of these buffering materials

(alfalfa omitted) on ration digestibility and mineral retention in
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TABLE 21.

EFFECT OF BUFFERS ON MINERAL RETENTION, 5-DAY TOTAL
(EXPERIMENT 3, PHASE 2)
Treatment

Item

Mineral

Control

2%
limestone

2%
bentonite

2%
NaHC0

3

SEMa

gram
Intake

Na
K

Ca
Mg
p

N

Feces

Na
K

Ca
Mg
p

N

Urine

Na
K

Ca
Mg
p

N

Retention

Na
K

Ca
Mg
p

N

9.27
14.85
18.81
5.04
12.24
65.70

10.39
14. 96
19.03
5.99
12.22
64.97

9.24
14. 77
54.81
5.03
12.22
64.51

.67
.90
15.93
2. 72
4.65
16.18

.85
1.16
15.93
2.92
5.15
17.09

• 93
.21**
33.78**
2. 77
7.68*
15.53

.57
9.40
2.06
4.18
10.83*

4.93
4.45
.80
2.03
2.03
18.61

4.50
4. 11
.48
1.86
1.70
16.91

4.05
4.19
.53
1. 86
.97
19.36

15.13**
4.21
.08
1.78
1.24
22.77

3.70
9.50
2.08
.31
5.57
30.93

5.05
9.70
2.63
1. 22*
5.37
31.00

4.25
10.38
20.48**
.41
3.59
29.63

17.73**
9.83
9.08
1.14*
6.70
30 .. 18

a Standard error.
Differs (P<. 05) f ram control.
*** Differs (P<. 01) from control.

33.91
14.61
18.54
4.97
12.08
63.76
1.12

._23
.09
3.23
.24
. 72
1.40
.87
.43
.17
.17

.41
2.58
.93

.41
3.18
.17
.69
2.04
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addition to the ruminal and systemic parameters were investigated under
the same conditions following a 25-day adaptation period (phase 2).
Adding buffers or alfalfa hay was effective in maintaining a
more normal ruminal pH and in preventing lactate accumulation in the
rumen.

On the third day (phase 1) of high-concentrate feeding, most

animals drastically reduced feed consumption, but lambs fed NaHC0
alfalfa hay consumed the entire rations given on day 3.

3

or

Urinary lactate

generally followed the trend observed in rumen samples, and feeding
buffers or alfalfa tended to reduce urinary lactate excretion.
fed NaHC0

3

Lambs

excreted higher (P<.01) Na at days 2 and 3 and those fed

bentonite excreted more (P<.05) Ca than those fed control diet at
day 3.

Other parameters including water intake, urine volume~ ruminal

mineral concentrations, blood PCV, and plasma lactate were unaffected
by treatment .
In phase 2, the dietary buffers did not influence rumen pH,
lactate, total VFA, individual VFA molar percentages, or mineral
concentrations except K which was lower (P<.01) in lambs fed 2%
bentonite.

No obvious effects due to buffers were observed on PCV,

plasma lactate, or mineral concentrations.

NaHC0

3

increased urine pH

(P<.01), urinary NH -N concentration (P<.05), total amount of NH -N
3
3
excreted (P<. OJ.), urine lactate (P<. 05), and urinary acetic acid (J?<. 01).
Lambs fed 2% NaHC0

3

digested more (P<.05) dry matter, crude

protein, nitrogen-free extract, and starch, and 2% limestone increased
(P<.05) fiber digestibility.

Dietary buffers generally reduced percent
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fecal starch and improved starch digestibility.

Distinctive improve-

ment (P<.05) in starch digestibility was obtained by feeding NaHco •
3
Higher (P<.05) Mg retention was obtained by feeding 2%
bentonite or NaHC0 .
3

More (P<.01) Ca was retained by limestone-fed

lambs and more (P<.01) Na by NaHC0 -fed lambs, but percent retention
3
was not different from the control.
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STUDIES ON CONTROL OF ACIDOSIS IN SHEEP FED HIGH-CONCENTRATE DIETS
UNDER FEEDLOT CONDITIONS:

PERFORMANCE OF LAMBS FED BUFFERED OR

HAY-SUPPLEMENTED HIGH-CONCENTRATE DIETS (EXPERIMENTS 4 AND 5)
Introduction
Adding sodium bentonite to ruminant diets has proved partially
effective in protecting against digestive disorders occurring during
. rapid change from roughage to high-concentrate diets (Burkitt, 1969;
Colling~ al., 1979).

Previous studies from this laboratory indicate

that bentonite at levels up to 8% (Huntington et al., 1977a,b) improved
feedlot lamb performance during initial 3- or 4-week adaptation periods,
but the benefit was not sustained during later phases of the feeding
periods.

The lack of a beneficial response beyond the adaptation

period was also observed with 2 to 4% supplemental limestone, but at
a 1% level limestone improved feedlot performance over an entire 121-day
feeding period (Dunn, 1977).

One objective (experiment 4) of the

present study was to evaluate the effect of bentonite, limestone, or
their combinations on feedlot performance during and following
adaptation to high-concentrate diets.
Further, it is well known that roughages help to maintain a
high rumen buffering capacity by increasing saliva flow.

However,

the importance of the buffering capacity of roughage itself has not
been fully explored.

Greehill (1964) and Jones (1970) indicated that

legumes provided more buffering capacity than grasses.

A more recent

study (Van Soest and Jones, 1980) has shown that the fiber portion of
roughages may contribute substantially to the buffering capacity.
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Another objective (experiment 5) of the present study was to assess
the importance of roughages in protecting against acute acidosis
occurring after a sudden dietary change from roughage to a concentrate
diet.
Experimental Procedures
Experiment!±_.

This experiment was conducted with 200 crossbred

lambs having an average weight of 34.2 kilograms.

It was conducted

during summer and early fall and lasted for 73 days.

For 4 weeks prior

to the beginning of the experiment, all lambs were offered good quality,
second-cut alfalfa hay ad libitum.

The lambs were randomly allotted to

20 outdoor pens on the basis of weight with five ewes and five wethers
per pen.

All pens were equipped with automatic waterers, were 24 m2

in area, and had 4.9 m of feed bunk space.
Five dietary treatments with four replications employed in this
experiment included control, 2% bentonite, 2% limestone, 2% bentonite +

2% limestone, and 1% bentonite + 1% limestone.

The control diet consisted

of corn grain (IFN 4-02-932), 84.4%; alfalfa hay (IFN 1-09-063), 8%;
. soybean meal (IFN 5-04-604), 6%; limestone (IFN 6-02-632), .8%; trace
mineral salt, .5%; KCl, .3%; and 2,200 IU vitamin A and 22 IU vitamin E
per kg of diet.

Bentonite ·and limestone were added at the expense of

the total diet.

Diet samples were analyzed by proximate analysis and

for Ca and P by AOAC (1975) methods (table 22).
On day 1 of the experiment, residual alfalfa hay was removed
from feed bunks and the lambs were offered 1.36 kg of the experimental
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TABLE 22.

PROXIMATE AND MINERAL ANALYSES OF EXPERIMENTAL DIETS,
DRY MATTER BASIS (EXPERIMENT 4)
Treatment

2%

2%
bentonite +
2%
limestone

1%
bentonite +
1%
limestone

11.9

12.8

Control

2%
bentonite

Crude protein

12.5

12.0

limestone
%
12.0

Ether extract

4.0

3.9

4.1

3.5

4. 0

Crude fiber

3.0

3.8

3.9

3.8

4.6

Ash

4.5

6.3

6.4

8.4

6.4

75.9

74.1

73.6

72.4

72. 3

Item

Nitrogen-free extract
Calcium

.64

.61

1.24

1.29

. 99

Phosphorus

.27

.26

.28

.28

.31

diets per head.
ad libitum.

Thereafter, the lambs were fed their respective diets

Lambs were individually weighed at approximately 21-day

intervals and the records on average daily gain, average daily ration,
and feed per gain (F/G) ratio were kept throughout the experiment.
One day prior to the beginning of high-concentrate feeding,
blood samples were taken from 20 randomly selected lambs to obtain
initial values.

On

days 3 and 59 of the experimental period, blood

samples were collected from five randomly selected lambs from each pen.
The blood was obtained by jugular vein puncture, and plasma from each
sample was frozen for later mineral analysis after the determination
of PCV as described for experiment 2.
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Plasma Na and K were determined by atomic absorption spectrophotometry in aqueous solution, while Ca and Mg were de~ermined in .5%
lanthanum solution to prevent P interference.

Plasma P was determined

by the method of Fiske and Subbarow (Oser, 1965).
Experiment

1·

A total of 96 crossbred lambs weighing 32 kg

were offered free-choice poor quality bromegrass hay for approximately
4 weeks prior to being placed on experiment.

They were then allotted

to three dietary treatments with four replications.
five ewes and three wethers.

Each pen contained

Three dietary treatments used in this

experiment were control, 10% alfalfa hay, and 10% brome hay (table 23),
and the results of proximate and mineral analyses (AOAC, 1975) are
presented in table 24.

All lambs were offered the respective diet

ad libitum from day 1.

Amount of feed offered and death losses were

recorded daily throughout the 21-day experimental period.

Due to

extensive death losses associated with this feeding regime, the study
was not continued beyond this period.
Blood and rumen samples were taken from two lambs per pen on
day 3.

They were arbitrarily selected to represent two extremes, one

of the most healthy and one of the most acutely sick.

Blood samples

were collected, processed, and analyzed in the same manner as for
experiment 4.

Rumen samples were collected by stomach tube and pH was

measured with a general purpose glass electrode as immediately as
possible.

Each rumen sample was strained through four layers of

cheesecloth and processed for lactate and VFA determinations.

Total

lactate was determined by the method of Baker and Sunnnerson (1941) on
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TABLE 23.

COMPOSITION OF EXPERIMENTAL DIETS (EXPERIMENT 5)
International
Feed
Number

Item
Corn, yellow,
grain (4)
Alfalfa hay~ s-c,
mid-bloom (1)
Brome hay, s-c (1)
Soybean, seed, solvextd, grnd (5)
Limestone, grnd,
min, 39.2% Ca (6)
Trace min ral salta ·
Vitamin A6
Vitamin Ee

4-02-932

Control

Treatment
10%
alfalfa
%

10%
brome

89.0

97.0

87.0

10.0

1-00-063
1-00-890
5-04-604

1.6

6-02-632

.9

10.0
1.7
.5

.5

.5

+
+

+
+

.8

.5

.+
+

a Percent composition: Zn, .35; Mn, .20; Fe, .20; Mg, .15; Cu, .03;
Co,b.005; I, .007 and salt, 96.0 ~ 98.5.
2200 IU/kg diet.
c 22 IU/kg diet.

TABLE 24.

PROXIMATE AND MINERAL ANALYSES OF EXPERIMENTAL DIETS,
DRY MATTER BASIS (EXPERIMENT 5)

Item

Control

Treatment
10%
alfalfa

10%

brome

%

Crude protein
Crude fiber
Ether extract
Ash
Nitrogen-free extract
Calcium
Phosphorus

11.04
1.88
2.21
4.10
80.79
.33
.27

11.08
4.91
3.34
4.42
76.24
.32
.29

11.05
4. 72
1.97
3.94
78.31
.33
.27
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samples deproteinized with 7.5% TCA solution as described in experiment
1.

For VFA determinations, rumen samples were prepared as described by

Erwin et al. (1961) and VFA was measured by gas liquid chromatography
under the conditions reported by Baumgardt (1964).
Data from experiments 4 and 5 were analyzed using least squares
means analysis of variance procedures, and treatments were compared
with the control by Dunnett's .!:_ test (Steel and Torrie, 1960).

A chi-

square test was applied to death loss data from experiment 5.
Results and Discussion
Experiment~-

The sudden change from alfalfa hay to the high-

concentrate treatment diets resulted in mild acidosis.

All lambs

completely consumed 1.36 kg of diet offered on diry 1 but began to
reduce their feed intake on the second day.

Feed intake of all lambs

returned to about initial levels in 1 week.

All lambs exhibited varying

degrees of diarrhea for a period of approximately 10 days and began to
excrete typical pellet type feces thereafter.

Four lambs died during

the 73-day experiment, but necropsy conducted at the Animal Disease
Research and Diagnostic Laboratory (SDSU, Brookings, South Dakota)
showed none of the deaths to be related to acidosis.
While no death loss occurred in the control group in this study,
previous studies conducted under similar conditions at this laboratory
(Dunn, 1977; Dunn~ al., 1979) and elsewhere (Vestweber et al., 1974)
showed 19 to 31% .death losses.

Lambs used in the present study were fed

good quality alfalfa hay during a pretreatment period of 4 weeks, and ·
the experimental di~ts also contained 8% alfalfa hay, which might have
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provided lambs some degree of protection against severe acidosis.

The

importance of prior feeding of roughage in facilitating rumen lactate
clearance has been reported by Byers and Goodall (1979).
Average daily gain (ADG), average daily ration (ADR), and feed
per gain ratio as influenced by the buffer treatments are presented in
table 25.

The addition of 2% bentonite· or 2% limestone tended to

improve weight gains during the initial 21-day feeding period, resulting
in 7 and 12% improvement over controls, respectively.

However, lambs

fed either 2% or 4% of the mixture (1:1) of bentonite and limestone
tended to eat more, gain less, and thus utilized feed less (P<.05)
efficiently.

In the subsequent feeding period lasting an additional

52 days, the 2% bentonite group showed a slight advantage in daily
gain and feed efficiency, while other groups tended to show poorer
feedlot per£ormance compared to the control group.

The overall

feeding data (73-day period) indicate no overall advantage from the use
of either 2% bentonite or 2% limestone individually in high-concentrate
diets and a trend toward a disadvantage from use of a combination of
these materials to yield levels of 2% and 4% of a 1:1 mixture.
Present performance data are generally in agreement with others
(Dunn, 1977; Huntington et al., 1977a,b; Dunn~ al., 1979) in that
improved feedlot performance often attributed to buffering materials
during the initial few weeks of a feeding p~riod was not sustained by
continued feeding of these materials.

However, the magnitude of response

during the adaptation period was less obvious in the present study due
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TABLE 25.

LEAST SQUARES MEANS OF AVERAGE DAILY GAIN, AVERAGE DAILY
RATION AND FEED/GAIN (EXPERIMENT 4)a
Treatment

2%
limestone

2%
- bentonite +
2%
limestone

1%
bentonite +
1%
limestone

Period

Item

Control

2%
bentonite

lb

ADG, g/day
ADR, kg/day
F/G

229
1.36
6.07

245
1.43
6.16

257
1.45
5.46

205
1.46
7 .07*

208
1.48
7. 34,~*

2c

ADG, g/day
ADR, kg/day
F/G

303
1.79
5.90

311
1.81
5.83

299
1.82
6.10

290
1.82
6.28

282
1.87
6.64

3d

ADG, g/day
ADR, kg/day
F/G

282
1.66
5.91

289
1.70
5.89

287

266

261
1. 77
6.78

1.71

1. 74

5. 97

6.56

a Pooled standard error for three periods; 12.01 for ADG, .05 for
AD~ and .27 for F/G.
Day 1 ' to 21.
c Day 22 to 73.
d Day 1 to 73.
* Differs (P<.05) from control within the same period.
** Differs (P<.01) from control within the same period.
to the relatively high feed consumption and weight gain of the control
group.
Changes in blood parameters at days 3 and 59 appear in table 26.
At day 3, lambs receiving 2% limestone, 2% bentonite + 2% limeston~, and
1% bentonite + 1% limestone had higher (P<.05) plasma Na and K.

While

these higher Na and K values could be indicative of higher alkaline
reserves in these animals, that aspect was not reflected in feedlot
perfonnance during the adaptation period.

Higher (P<.05) plasma P

TABLE 26.

Sampling
time
Day 3 .

Day 59

LEAST SQUARES MEANS OF BLOOD PARAMETER CHANGES FROM INITIAL VALUES
(EXPERIMENT 4)
a

Naa
mg/100 ml

Treatment

Ca

.. Mg

Control
2% bentonite
2% limestone
2% bentonite +
2% limestone
1% bentonite
1% limestone

-.88
-.09
-.84
-.94

-.32
-.42
-. 36
-.40

-5.05
-3.30
42. 35,'<*
64. 95,·~*

-4.47
-3.68
-2.58*
-1. 86,~*

, -. 99

-.43

64.60**

-.79**

-.17
-. 01 ,~*
-.15
-.35*

9.60
8.70
16.40
6.45

-.50

-.15

.12

.04

Control
2% bentonite
2% limestone
2% bentonite +
2% limestone
1% bentonite +
1% limestone
SEMb

-.58
-.55
-.21
-1.15*

K

p

• 71

-1.0
-.6
-1.6
-2.7*

1.14*

-2.7*

-2.33
-3.75

• 76
.21
.08
.20

.6
.. 8
-.1
.,-1.2*

19.50

-2.48

.30

.7

.8. 92

.44

.36

.56

-3. 99_
-3.11

-.27

PCV
{%)a

-1.14

-. 23

: Time effect is significant (P<.01).
Pooled standard error.
* Differs (P<.05) from control within the same sampling time.
** Differs (P<.01) from control within the same sampling time,

\.0
Q'\
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values were observed for lambs on the 1% bentonite + 1% limestone
treatment.

All the lambs tended to show hemodilution on day 3 of high-

concentrate feeding, and this was more (P<.05) noticeable in both
groups on the mixed bentonite-limestone treatments.

On day 59, lambs

receiving 2% bentonite + 2% limestone had lower (P<.05) plasma Ca and Mg
concentrations and PCV.

Higher (P<.01) plasma Mg was detected in the

samples from animals receiving 2% bentonite.
Experiment 1_.

Free-choice feeding of all-concentrate, 10%

brome, or 10% alfalfa hay diets caused severe acidosis and heavy death
· loss.

As shown in table 27, death loss in the control group was far

higher (P<.01) than that from either hay group.

Deaths, all related to

acidosis, amounted to 72% of control animals and 31% of those in each
hay treat~ent.
was observed.

A different pattern in death loss between treatments
Of deaths occurring in the control group, about 65%

were on days 3 and 4 and 22% on days 10 and 11, which were 2 or 3 days
after survivors resumed eating.

Deaths occurring in both 10% hay groups

were more evenly distributed through the same · period.
Representative animais were necropsied at the South Dakota
Animal Disease Research and Diagnostic Laboratory, Brookings.
examined were diagnosed as having died from rumen acidosis.

All lambs
Gross

examination showed all had- a large amount of grain in the rumen and
rumen pH was lower than 5.

On histopathologic examination, small

intestinal villi -w ere swollen and edematous.

Red blood cells were

evident in the lumen of the intestine and the lungs contained irregular
hemorrhagic areas.
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TABLE 27. EFFECT OF ROUGHAGES ON FEED INTAKE, RUMEN pH,
RUMEN LACTATE, AND DEATH LOSS (EXPERIMENT 5)

Item

Control

Treatment
10% alfalfa

10% brome

Feed intake, kgb

4.36

3.92

4.06

Rumen pH

4.38

4.96

·4.64

Rumen lactate, µg/ml
Death loss, headc

1949

3930

23

2944

10**

sfilfl
.172

.20
511.8

10"'*

: Pooled standard error.
First 2-day intake.
C
Thirty-two lambs per treatment group initially.
** Differs (P<.01) from control.
Lambs tended to eat a larger amount of the control diet than
of the 10% hay diets.

Although feed intake in table 27 is indicated

as a 2-day intake, the greatest amount of it was consumed on the first
day with little or no feeding activity observed on day 2.

All lambs

sampled on day 3 had rumen pH .between 4 and 5, which has been considered
to be typical of animals experiencing severe ruminal acidosis (CSIRO,
1949-1959; Krogh, 1961; Dunlop and Hammond, 1965).
diets tended to have higher rumen pH.

Lambs fed 10% hay

Higher lactate values were

detected in the rumens of lambs fed the 10% hay diets, but this may not
be a true difference.

Many dead animals, representing the most severely

afflicted, had already been removed from the control. group before the
rumen samples were collected.

In contrast, most of the animals, many

severely sick but still living, remained in the hay groups and were
possibly utilized for rumen fluid sampling.

Compared with rumen

lactate values from experiments 2 and 3 or with others reportedly
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exceeding 10 mg/ml (CSIRO, 1949-1959; Ryan, 1964a; Dunlop and Hannnond,
1965), these lactate values appear lower than those commonly associated

with acute acidosis.

In view of the abnormally high volumes of feed

consumed on the first day, the rumen lactate values may have reached an
earlier peak or may have been diluted by a larger influx of fluid into
the rumen.
Data in table 28 indicate that adding alfalfa or brome hay at
10% levels to concentrate diets did not change PCV or plasma concentrations of Ca, Mg, and P.

Higher Na (P<.01) and K (P<.05) obtained

by adding 10% hay may be an indication of high blood alkaline reserves
in the body of those animals.
Although lambs receiving 10% alfalfa hay had higher (P<.05)
rumen isobutyric acid molar percent, the amount being only .2% of total
VFA makes 1 t of doubtful importance (table 29).

No differences due to

treatment were found in other VFA compositions.

Total VFA concentra-

tions were very low in all rumen samples.
negligible rumen VFA concentrations.

Some individual animals had

This and the lower than antici-

pated rumen lactate levels indicate that rumen fermentation had almost
ceased.
Relative buffering capacities of the two types of hay used in
this study were measured by titrating 1 g of each in 100 ml distilled
water with .1 N HCl to an endpoint two units below the initial pH.
Alfalfa hay required 5.7 ml, while brome hay required 4.0 ml of .1
N HCl.

For comparison, wheat grain titrated under the same conditions

required only .6 milliliter.

These results indicate that roughages
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TABLE 28.

LEAST SQUARES MEANS OF BLOOD MINERALS AND PACKED
CELL VOLUME (EXPERIMENT 5)

Item

Control

Treatment
10% alfalfa

10% brome

SEMa

Ca, mg/100 ml
Mg, mg/100 ml
Na, mg/100 ml
K, mg/100 ml
P, ing/100 ml
PCV, %

8.55
2.18
273. 8 .
13.0
9.36
31.9

9.00
1.99
284.6**
16.2*
6.14
30.6

9.48
2.45
288.6**
_1 6. 9*
8_.40
33.0

.34
.25
1. 86
.86
1. 27
2.51

a

Standard error.
Differs (P<.05) from control.
*** Differs (P<. 01) from control.

TABLE 29.

LEAST SQUARES MEANS OF RUMEN VFA CONCENTRATIONS
(EXPERIMENT 5)
Treatment
10%

Item

Control

alfalfa

Total VFA, µmole/ml
Acetic, mole/100 mole
Propionic, mole/100 mole
Isobutyric, mole/100 mole
Butyric, mole/100 mole
Isovaleric, mole/100 mole
Valerie, mole/1og mole
Acetic/propionic

11.1
66.5
12.7

16.2

a

69 .• 5

19.3

16.2
.2*
13.1

1.5
5.2

.3
.6
4.3

.o

.o

10%
brome
21.1
70.3
13.5
.1

15.5
.3

.3
5.2

SEMa
5.42
6. 71
2.93
.04
5.04
1.12
.81
2.85

b Standard error.
The ratios were calculated from least squares means of acetic and
propionic acid.
* Differs (P<.05) from control.
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have more buffering capacity than wheat.

The values for both hay

sources well agree with those reported by others (Greehill, 1964;
Jones, 1970).

In addition to the greater chemical buffering capacity,

roughages have been shown to benefit the rumeri environment by increasing
saliva flow (Balch, 1958).
It is concluded from this study that a small amount of roughage
in high-grain diets is extremely important in reducing death loss from
severe acidosis following engorgement.

The lack of an observed

difference between good quality alfalfa hay and poor quality brome hay
for that purpose may have been due to conditions imposed on the experimental animals having been too severe in this instance.
Sunnnary
Two hundred lambs were employed to study the effects of 2%
bentonite, 2% limestone, 2% bentonite + 2% limestone, and 1% bentonite

+ 1% limestone on the feedlot performance of lambs rapidly switched
from alfalfa hay to 8% alfalfa hay plus 92% concentrate diets
(experiment 4).

Another study (experiment 5) involving 96 lambs was

conducted to investigate the . role of alfalfa and brome hay at 10% levels
in alleviating acidosis under more severe conditions.

In this study,

lambs were offered experimental diets ad libitum from the first day.
In experiment 4, lambs receiving 2% bentonite or 2% limestone
showed a slight .improvement in feedlot performance during the initial
21 days, but the benefit was not sustained in the remaining feeding
period.

Those fed the combination of bentonite and limestone tended

to show poor weight gain and feed efficiency compared to the control
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group.

Lambs fed 2% bentonite had higher (P<.01) plasma Mg concen-

trations at day 59.

Those receiving 2% limestone had higher Na (P<.01)

and K (P<.05) at day 3.

Blood samples from 2% bentonite + 2% limestone-

fed lambs showed higher (P<.01) plasma Na and K, lower (P<.05) PCV
at day 3, and lower (P<.05) plasma Ca and Mg, and PCV at day 59.
Increased plasma Na (P<.01), K (P<.01), and P (P<.05) and decreased
7

(P<.05) PCV at day 3 were obtained by feeding 1% bentonite + 1% limestone.
In experiment 5, feeding alfalfa or brome hay at 10% levels
reduced the death loss from 72% of controls to 31% of those fed the
10% hay.

Both roughages tended to increase rumen pH and increased plasma

concentrations of Na (P<.01) and K (P<.05).
rumen VFA compositions.

Rou&hages did not influence
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INFLUENCE OF BENTONITE ON VITAMIN A AND THIAMIN STABILITY
AND/OR UTILIZATION (EXPERIMENTS 6, 7, AND 8)
Introduction
The presence of varying levels of bentonite depresses liver
vitamin A storage and/or growth rate of chicks (Briggs and Fox, 1956;
Laughland and Phillips, 1956) and rats (Laughland and Phillips, 1954a)
fed synthetic diets.

Small particle size of bentonite and the presence

of fat in the diet have been suggested as possible factors associated
with the undesirable effect of bentonite on vitamin A utilization
(Briggs and Fox, 1954 ).

Conversion to other less potent forms of

vitamin A, degradation or adsorption of vitamin A by bentonite have
been indicat ed as possible mechanisms by Laughland and Phillips (1954b).
Pqlioenc ephalomalacia (PEM) has been recognized as a thiaminresponsive disease (Davies et al., 1965) and has been reported
principally in feedlot animals consuming high-concentrate diets.
Possible implication of bentonite with lowered thiamin utilization has
been reported by Huntington et al. (1977b) who observed a disproportionately high incidence of PEM in lambs fed 4% bentonite.
Some studies have shown that bentonite can adsorb protein or
enzymes (Ensminger and Gieseking, 1942; Jakoli, 1968) within its
expansible lattice structure (Ensminger and Gieseking, 1939, 1941;
Jacoli

~

al., 1973) or on its surface (Pinck et al., 1954).

According

to Iler (1955), cationic organic compounds can be adsorbed by way of
cation exchange, and adsorption of nonionic organic compounds can
occur by way of hydrogen bonding.

These facts suggest that pretreatment
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of bentonite with protein or certain other materials may mask the
possible reaction sites in bentonite and thus protect vitamin A from
the changes imposed by bentonite.
The objectives of a series of studies reported herein were
(1) to investigate the role of bentonite in vitamin . A and thiamin
utilization by rats and (2) to determine if complexing of various
materials · with bentonite may protect vitamin A from its adverse effects.

Vitamin A Stability and Hepatic Vitamin A Storage in Rats as
Influenced EY_ Dietary Bentonite (Experiment_§_)_
Experimental Procedure.

A total of 54 Sprague-Dawley, albino,

male rats, initially weighing an average of 68.2 g, were fed a low
vitamin A basal diet ad libitum for a period of 4 weeks.

The basal diet

consisted .of 73.7% ground wheat, 20% soybean oil meal, 3% Wesson oil,
1% vitamin diet fortification mixture (vitamin A omitted; ICN
Pharmaceuticals, Inc., Cleveland, Ohio), 2% salt mixture USP XIV (ICN
Nutritional Biochem icals, Cleveland, Ohio), .15% lysine, and .15%
methionine.

Upon completion of the 4-week adaptation period, rats were

randomly assigned to six dietary treatments with nine rats each.

The

experimental design was a 2 x 3 factorial with two levels of bentonite
(0 and 4%) and three levels of vitamin A (O, .2, and 2 IU per g of diet).
Sodium bentonite used in this and the experiments to follow
was 'Volclay' feed crumble grade (American Colloid Company, Skokie,
Illinois) and was ground to obtain the particle sizes indicated.
Approximately 85% of ground bentonite passed through 850 µm U.S.
standard sieve and 35% through 420 µm U.S. standard sieve.

Bentonite
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was added a t the expense of the mixed basal diet used in the depletion
period.

Vitamin A ac etate (ICN Pharmaceuticals, Inc., Cleveland, Ohio)

was dissolved in a sma ll amount of ethanol, mixed into Wesson oil, and
an appropriate amoun t was added to each treatment diet.

All mixed diets

were stored at 3 C.
Rats were fe d the respective diets and water ad libitum
throughout t he 22-day experimental period.
were measure d at 3-day intervals.

Body weight and feed intake

Upon completion of the feeding

period, ra ts were killed and livers were weighed and analyzed for
vitamin A b y the meth od of Johnson and Baumann (1947).
To s t udy t he possibility of vitamin A degradation by bentonite
in vitro, 50 µ g v itamin A in 10 ml ethanol or hexane were added to 1 g
bentonite or HCl-treated bentonite, shook by hand at intervals over a

.

2-hr period, and centrifuged briefly at 1,500 rpm.

The resulting

supernatant was used to measure absorption maxima in a Beckman Dk-2A
scanning spectrophotometer.
following procedure.

HCl-treated bentonite was prepared by the

One g bentonite was treated with 2 ml of .2 N HCl,

washed with three portions of ethanol, centrifuged, and dried.
For a thin layer chromatographic (TLC) study, 100 µg vitamin
A acetate in 10 ml chloroform was added to 1 g bentonite, shook
periodically for 1 hr by hand, and centrifuged.

The supernatant

(fraction 1) was decanted and then another 10 ml chloroform was added
to the solid fraction, mixed, and centrifuged.
(fractions 1 and 2) were saved for TLC.

The supernatants

Each fraction and a standard

vitamin A acetate solution were chromatographed on silica gel G plates
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using a cyclohexane-ether (80:20) solvent system as described by Staahl
(1965).

The chromatograms were inspected visually under UV light, then

sprayed with antimony trichloride solution, and finally with concentrated sulfuric acid to facilitate visual inspection.
To study the effects of various particle sizes of bentonite on
vitamin A stability in the diet during storage, a crumble form of
bentonite was ground in a coffee mill and separated into four different
particle size fractions by use of standard sieves.

The four fractions

included particles exceeding 850 µm, 850 to 250 µm, 250 to 180 µm, and
smaller than 149 µm.

Two different vitamin A sources, vitamin A acetate

(ICN Pharmaceuticals, Inc., Cleveland, Ohio) and .'Micro 30 Acetate'
(Diamond Shamrock, Newark, New Jersey), were mixed with ground wheat to
yield a final concentration of 20 µg vitamin A acetate per g of wheat
diet.

Pure vitamin A acetate was dissolved in Wesson oil as indicated

previously and 'Micro 30 Acetate' was ball milled for 1 hr before being
added to ground wheat.

Then 5% bentonite and 95% wheat containing

20 µg vitamin A per g were mixed in an amber bottle for 30 min using a
f

mechanical roller mixer and stored at 3 C.
5, 10, and 20 days after mixing.

Samples were taken at 1,

Vitamin A was determined by the AOAC

(1975) method with slight modifications.

Th~ pigment separation steps

with column chromatography were omitted because pigment from ground
wheat was assumed to be negligible.
All data collected were analyzed by least squares means analysis
of variance and treatment means were compared with the cont_r ol by use of
Dunnett's t test (Steel and Torrie, 1960) at .OS and .01 levels of
probability.
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Resul ts and Discussion.

Data pertaining to rat growth and liver

vitamin A storage as influenced by bentonite and vitamin A are presented
in tables 30 and 31 .

Total weight gain during a 22-day feeding period

was not influenced by 4% sodium bentonite.

However, rats receiving

bentonite consumed more (P<.05) diet and converted it to gain less (P<.05)
efficiently.

These differences are probably due to the dilution of

dietary energy by bentonite.

Rats receiving 4% bentonite consumed

approximately 4% more total diet.

Vitamin A supplementation, as

expected, improved (P<.01) growth rate, feed efficiency, and liver
vitamin A stores.

The higher level of vitamin A (2 IU per g diet) was

more effective than the lower (.2 IU per g diet) level in increasing
feed intake (P<.01), feed efficiency (P<.05), and liver vitamin A stores
(P<.01).

Bentonite reduced (P<.01) liver weight, total vitamin A

storage in liver, and vitamin A per g of liver.

The effect of bentonite

on liver vitamin A was most obvious with the higher level of dietary
vitamin A where the potential for liver vitamin A storage was greatest.
Present data clearly indicate that 4% bentonite included in a
practical type of diet can s~verely limit vitamin A storage in rats.
Briggs and Fox (1956) and Laughland and Phillips (1956) reported that
bentonite up to 6% reduced liver vitamin A storage and grow~h rate of
chicks fed synthetic diets; but bentonite did not cause vitamin A
deficiency when chicks were offered a practical type of diet.

It was

reported by Laughland and Phillips (1954a) that bentonite reduced
vitamin A storage in rats offered either vitamin A deficient diets or
a normal type of diet prior to the experiment, and they suggested that

TABLE 30.

EFFECT OF BENTONITE ON RAT PERFORMANCE AND LIVER VITAMIN A STORAGE,
22-DAY TOTAL (EXPERIMENT 6)

Treatment number
Bentonite level,%
Vitamin A level, IU/g

1
0

2
0
.2

Total wt gain, g/head

95.9

93. 6

Feed intake, g/head

483

470

Feed/gain

· 5.06

Liver wt, g

17.5

Vitamin A/liver, µg
Vitamin A/g liver, µg
a

3
2

119. 8
505

5.07
17.6

4.26
18.5

4

5

6

0

4
.2

2

92.5
500
5.50
17.0

101.7

107 .8

494

523

4.88
15.7

SEMa
4.47
11.8

4. 96
17.4

.17

.49

2.33

2.64

26.89

1.77

2.04

6.89

1.75

.13

.15

1.43

.10

.13

.40

.08

Standard error.

....

0
00

TABLE 31.

ORTHOGONAL COMPARISONS OF RA'f PERFORMANCE AND LIVER VITAMIN A STORAGE,
F VALUES (EXPERIMENT 6)a
Item

Comparison
1,4 vs 2,3,5,6
1 vs 4
2,5

~

3,6

Wt
gain

Feed/gain

Liver
wt

Vitamin A
per liver

Vitamin A
per g
liver

.40

10. 61,~*

.06

24. 84*''(

33.67**

1.15

3.16

.47

.05

• 07

7.35**

4.39*

7.08*

68.96**

91. 33**

7. 22,'t*

.06

.02

65.18**

79.21**

Feed
intake

8.83**
.30
13.00**

2 vs 5

1.65

2.16

.63

3 vs 6

3.60

1.26

8.04**

2. 72

-a Comparisons are of table 30.
* P<.05.
** P<.01.

....0
\0
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bentonite wa s adsorbing ingested vitamin A and carotene from the small
intestine.
In vi ew of r esults of the present study and those reported by
others, it b e c ame of interest to study the mechanisms and site of action
whereby bentonite reduced vitamin A utilization.

The results of spectro-

photometric s t udies show that exposure of vitamin A to bentonite did not
result in format ion of anhydro vitamin A or any other degradation
products in either ethanol and hexane solvent systems when untreated
bentonite was used.
graphic studies.

This was also confirmed in thin layer chromato-

However, vitamin A solutions reacted with bentonite

pretreated with HCl, giving indications of anhydro vitamin A production.
Small absorption peaks were detected at 390, between 365 and 370, and
350 run which have been reported as typical absorption maxima for anhydro
vitamin A (Laughland and Phillips, 1954b), but no absorption was evident
at 290 nm as they had observed for vitamin A in Skelly solve B solution
treated with bentonite.

These results indicate that a small amount of

anhydro vitamin A was produced by exposure to acidic bentonite.
Schwieter and Isler (1967) reported that conversion of vitamin A to
anhydro vitamin A occurred in anhydrous solvents in the presence of
traces of mineral acid.

Under the conditions described herein, bentonite

may have served the function of an acid through its cation exchange
capacity which allowed exchangeable Na+ to be replaced with H+ during
the HCl treatment.

Also, bentonite treated with vitamin A develops a

typical blue color which is intensified by pretreatment of bentonite
with HCl and reduced by pretreatment with ammonia (Weil-Malherbe and
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Weiss, 1948).

This indicates that bentonite may be adsorbing vitamin A

and/or some of its degradation products under certain conditions.
As shown in table 32, it is evident that a considerable amount
of vitamin A can b~ lost during storage of diets containing 5% bentonite.
Moreover, the particle size of bentonite was an influencing factor, the
smaller particle sizes being associated with the greater (P<.01) loss
of vitamin A.

The presence of bentonite having a particle size of less

than 149 µm made approximately one-half of the vitamin A undetectable
when analyzed within 1 day after mixing.

Subsequent losses occurring

over a 20-day period occurred much more slowly, but the rate of loss

remained greatest for the mixtures having the smallest particle size
bentonite.

The possibility of vitamin A destruction during the chemical

analysis was eliminated in multiple preliminary studies involving
addition of bentonite at various steps of the analysis.
Present results tend to reject the proposal of Laughland and
Phillips (1954a) that a vitamin A and bentonite reaction occurs in the
small intestine of animals.

Weil-Malherbe and Weiss (1948) indicated

that the reaction compound between bentonite and vitamin A was so weak
that it could be easily hydrolyzed by water.

However, considering the

low liver vitamin A storage in rats fed bentonite in studies described
herein, vitamin A adsorbed and/or altered by bentonite during mixing
and storage apparently was not available in . a biologically active form
in the aqueous environment of the intestine.

Present results disagree

with ·those of Briggs and Fox (1956) who reported that 175 µm or coarser
bentonite did not have any untoward effect and the presence of fat in
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TABLE 32.

INFLUENCE OF BENTONITE 0~ VITAMIN A STABILITY
(EXPERIMENT 6)a, ,c
Particle
size of
bentonite
(µm)

1

Vitamin A acetatee

>850
250-850
180-250
<149

79.0d
82.5
69.0
54.8

76.0
71.5
54.0
44.8

73.5
62.5
43.8
34.5

69.3
56.8
39.3
32.5

Commercialfvitamin A
acetate

>850
250-850 ·
180-250
<149

81.0
72.0
74.3
53.5

70.3
68.0
69.0
35.8

73.5
65.8
64.3
28.0

71. 8
63.5
62.5
21.5

Viamin A source .

Sampling time (day)
5
10

20

a Twenty µg vitamin A per g of mixture of one bentonite to 19
grognd wheat.
Main effect vitamin A source is significant at P<.05. Main
effect particle size and sampling time, first and second order
interactions are significant at P<.01.
C
d Pooled standard error= 2.01.
Perc~nt vitamin A of added amount.
fe Vitamin A acetate crystals, ICN Pharmaceuticals.
'Micro 30 Acetate', Diamond Shamrock.
the diet was a possible contributing factor to the destruction of
vitamin A by bentonite.

The smallest particle size used in present

studies was about the same as they had used, and the destructive effect
of even coarser bentonite is obvious from results of both in vivo and
in vitro studies.

Also, a commercial dry vitamin A premix (Micro 30A),

although reduced in particle size, was not dissolved in any kind of oil
or solvent, yet results of the in vitro study were very similar to those
obtained with use of vitamin A acetate dissolved in oil prior to mixing
with the diets.
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Growth-limiting Effect of Bentonite in Rats Fed Diets Providing
Suboptimum Thiami n (Experiment J_)_
Experimental Procedure.

A total of 90 Sprague-Dawley, albino,

male rats initially averaging 63.2 g body weight were offered a low
thiamin basal diet for 2 weeks.

The composition of ·the basal diet was

72% sucrose, 18% vitamin-free casein, 4% Wesson oil, 4% salt mixture USP
XIV (ICN Nutritional Biochemicals, Cleveland, Ohio), and 2% vitamin diet
fortification mixture (thiamin-free; ICN Pharmaceuticals, Inc.,
Cleveland, Ohio).

After a 2-week depletion period, the rats averaging

102.7 g were allotted to six dietary treatments with 15 rats each.

Two

levels of supplemental thiamin (1 and 10 mg per kg- diet) and three
djfferent bentonite treatments (no bentonite, 4% granular grade bentonite,
and 4% dust grade bentonite) were used in this study designed as a
2 x 3 factorial.

Bentonite was ground as indicated previously, and

bentonite having particle size of 420 to 149 µm was designated as
granular grade and smaller than 149 µmas dust grade.
added at the expense of the mixed basal diet.

Bentonite was

Thiamin was dissolved

in a small amount of water and added to the mixed diets.
Results and Discussion.

Data concerning the effect of bentonite

on thiamin utilization by rats are reported in table 33.

Bentonite

tended to retard rat growth at a borderline thiamin level (1 mg per kg
diet) but did not affect rat growth at the level providing a safety
margin of thiamin (10 mg per kg diet).

At a thiamin level of 1 mg per

kg diet, granular bentonite reduced body weight gain by 12%, while

TABLE 33.

RAT PERFORMANCE AS INFLUENCED BY DIETARY BENTONITE AND THIAMIN LEVEL,
14 DAYS (EXPERIMENT 7)

Thiamin level (mg/kg)
Bentonite

Control

Total wt gain, g/headd
Total feed intake, g/head
Feed/gaind

10

1

87.5
d

209
2.41

Granular

76.8
207
2. 77

b

Dustc

Control

Granular

Dust

SEMa

72.1

114.8

112.3

117 .2

4.97

249

262

277

7.6

213

3.45

2.18

2.34

2.37

.28

a
b Pooled standard error.
Bentonite particle size was 149 to 420 µm.
~ Bentonite particle size was less th~n 149 µm.
Influenced significantly (P~.01) by thiamin level.

~
~

+=""
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dust grade bentonite reduce it by 18% when compared to the no
bentonite control group.
A reaction between bentonite and aromatic amines has been
suggested by Weil-Malherbe and Weiss (1948), and possible implication
of bentonite with lowered thiamin utilization has been reported by
Huntington~ al. (1977b) who observed _a disproportinately high
incidence of PEM in lambs fed 4% bentonite.

PEM has been recognized

as a thiamin-responsive disease (Davies et al., 1965) and has been
reported principally in feedlot cattle and sheep consuming highconcentrate diets.

The presence of thiaminase has been proposed as a

cause of PEM (Edwin et al., 1968a,b; .Edwin and Jackman, 1970), and it
appears unlikely that the extent of bentonite involvement in rendering
thiamin unavailable in the present study with rats was sufficient to
support its implication as a primary fac~or contributing to PEM in
sheep or cattle.
Preventing Vitamin A Adsorption and/or Destruction El_ Forming Organic
Complexes with Bentonite (Experiment§_)_
Experimental Procedure.

Fifty Sprague-Dawley, albino, male

rats were fed the same vitamin A deficient basal diet used in
experiment 6 for 4 weeks and then allotted

to

groups of 10 rats each on a body weight basis.

five dietary treatment
Five dietary treatments

were control, granular bentonite, granular bentonite-soybean oil meal
(SOM) complex, dust bentonite, and dust bentonite-SOM complex.

The

composition of control diet was the same as in experiment 6 and the
definitions of granular and dust bentonite are described in experiment 7.
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Four percent of bentonite, when used, was added at the expense of the
total diet.

When bentonite was in the form of the bentonite-SOM complex,

the soybean oil meal in the diet was reduced in proportion to that
provided by the complex.
Bentonite-SOM complexes were made by the following procedure
based upon methods described by Britton et al. (1978).

One part

bentonite and five parts SOM were mixed in a pan and added to an equal
amount (w/v) of water.

The materials were well mixed by hand and dried

in a forced-air oven at 70 C for 24 hours.

All complexes were then

ground in a Wiley mill equipped with a 2 nun screen.

When indicated,

the particle size was further reduced by ball-milling the products
overnight.
Vitamin A acetate at a level of 10 IU per g diet was added
to all five diets.
for 22 days.

Rats were fed their respective diets ad libitum

Feed intake and body weight were measured at approximately

3-day intervals.

At the end of the feeding period, all rats were

killed, liver weights were obtained, and liver vitamin A was determined
by the method of Johnson and Baumann (1947).
For studies concerning vitamin A destruction in vitro,
bentonite complexes were prepared using a variety of materials, but the
method of preparation was basically the same as described above for the
bentonite-SOM complex.

The test materials ~nd the ratio with bentonite

are indicated, when applicable, in tables 34 to 36.
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Results and Discussion.

Data (table 34) on rat performance and

liver vitamin A storage show that bentonite having either granular or
dust particle size reduced (P<.01) liver vitamin A concentrations and
total liver vitamin A storage, and this could be prevented by masking
potent ial reaction sites on bentonite through complexing with SOM.
Rats fed diets containing 4% bentonite as the granular-SOM complex or
dust grade had lighter (P<.05) liver weights compared to the control
group, but this appeared to be merely a reflection of a similar trend
toward lower body weights for all bentonite groups.
The hypothesis that the major reduction in vitamin A utilization
occurs in the diet during processing and storage was again tested in
additional in vitro studies.

Preliminary studies on vitamin A analysis

of some of the rat diets used previously revealed that 4% bentonite
(149 µm) markedly reduced vitamin A in the diet at various sampling
times and approximately half of the vitamin A was no longer detectable
shortly after diet mixing (at .5 hr).

In contrast, the same level of

benton ite (table 35), when complexed with SOM, did not reduce vitamin A
during storage, confirming tbe results obtained in vivo when these diets
were fed to rats as described above.
Preparation of the bentonite complexes, which involved regrinding
of the product, resulted in a larger particle size than that of the
original bentonite.

Additional in vitro studies were conducted to

determine if th~ difference between bentonite and the bentonite-SOM
complex was related to differences in particle size, and whether mater~als
other than SOM could be complexed with bentonite to provide protection

TABLE 34.

RAT PERFORMANCE AND LIVER VITAMIN A STORAGE AS INFLUENCED BY PARTICLE SIZE
AND BENTONITE COMPLEXES, 21-DAY TOTAL (EXPERIMENT 8)

Item

Control

Crumblea

Bentonite (4%)
Crumble-S~M
Dustc
com£lex

Dust-SO~
com£lex

SEMd

Total wt gain, g/head

100.0

96.6

94.4

91.4

94.5

4.30

Feed intake, g/head

517.6

529.7

526.1

519.9

526.1

12. 71

Feed/gain
Liver wt, g
Vitamin A/liver, µg
Vitamin A/g liver, µg
a

5.22

5.56

5.65

5.73

18.1*

17. 8,'(

20.5

18.7

715. 6

133.5**

754.0

35.2

7.2**

41.8

5.68

.18

18.3

.61

5.8**

719. 9

14.23

.4**

39.6

.88

.

b Particle size was 149 to 420 µm.
1 bentonite:5 SOM.
~ Particle size was less than 149
Pooled standard error.
* Differs (P<.05) from control.
** Differs (P<.01) from control.

um.

........
ex,
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TABLE 35.

ComElex

VITAMIN A STABILITY DURING STORAGE ~ITH VARIOUS
BENTONITE COMPLEXES (EXPERIMENT 8)a, ,c

Particle size

SamEling time
3
.5 hr ·
weeks

weeks

9

Bentonite-SOMe

2 mm
Ball milled

100.0d
102.7

89.4
97 .1

89.8
92.5

Bentonite-H of
2

2 mm
Ball milled

93.5
36.9

69.7
13.1

43.9

Bentonite-ureag

2 nnn
Ball milled

93.5
89.5

82.1
30.2

59.1

21.1

18.6

a No bentonite added control had values of 100.0, 94.5 and 86.0 at
resiective sampling time.
Pooled standard error is 2.75.
c All main effects, first and second order interactions, are
sigaificant (P<.01).
Percent vitamin A of control value.
e 1 bentonite:5 soybean meal.
f 1 bentonite:10 water.
g 5 bedtonite:l urea.

for vitamin A.

The results (table 35) show that survival of vitamin A

in the presence of the SOM complex was not influenced by reducing final
particle size.

On the other hand, water or urea "complexes" were not

effective (P<.01) in preventing vitamin A loss during storage when
particle size was reduced from 2 mm to 149 µm, indicating that only SOM
had made an effective complex with bentonite.
Data shown in table 36 indicate that a commercially available
feed grade vitamin A (Micro 30A) was also destroyed (?<.01) by bentonite,
and the loss could be substantially reduced by complexing bentonite
with SOM, although slightly less (P<.05) vitamin A was detected
at .5 hr or 8 weeks after mixing compared to nonbentonite control.
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TABLE 36.

STABILITY OF A COMMERCIAL VIT~N A SOURCE DURING STORAGE
(EXPERIMENT 8)a,
SamEling time
1
week

8
weeks

87.8

95.4

43.1**

32.3**

18.4**

94.6*

89.1

87.8*

Treatment

.5 hr

Control (no bentonite)

100.0c

4% bentonited
Bentonite-SOM complex

e

a
b 'Micro 30 Acetate ', Diamond Shamrock.
Pooled standard error was 1.44.
~ Percent vitamin A of control diet.
Particle size was less than 149 µm.
e
Final complex was ground with ball mill, the same 4% bentonite
was added.
* Differs (P<.05) from control within the same sampling time.
** Differs (P<.01) from control within the same sampling time.

A .variety of materials were screened for their effectiveness
in reducing vitamin A destruction by bentonite.
presented in table 37.

The results ·are

The various materials were used to make

complexes with bentonite in the same way as described previously, and
vitamin A was determined after 1 day storage at room temperature with

minimum exposure to the light.

Among the first eight nitrogenous

materials, wheat, finely ground casein, gluten, and an equal mixture of
lysine and methionine did not differ from SOM.

On the other hand,

granular casein (P<.01), urea (P<.05), and NH c1 (P<.01) were not as
4
effective as SOM in preventing vitamin A loss by bentonite.

Of the

non-nitrogenous materials, starch, glucose, and sodium acetate were
effective.

Treatment of bentonite with NaCl, acidification with HCl,

or increasing alkalinity with NaOH were not effective (P<.01).

121

TABLE 37. VITAMIN A STABILITY IN THE PRESENCE
OF VARIOUS BENTONITE COMPLEXES DURING 1 DAY
STORAGE (EXPERIMENT 8)

Complexa
SOM-bentonite
Wheat-bentonite
Casein (fine)-bentonite
Casein (granular)-bentonite
Gluten-bentonite
· Lys-met-bentonite
Urea-bentonite
NH Cl-bentonite
St~rch-bentonite
Glucose-bentonite
Na acetate-bentonite
NaCl-bentonite
HCl-bentonite
NaOH-bentonite
a

Vitamin A,
percent of
added
amountb,c

91.0
89.3
92.3

25.0**
87.0

99.5
81. s~~

47. 5~~*
91.0
90.5
87.8

·2 0. O**
17.8**
17.3**

All complexes were mixed with wheat to
provide a ratio of 1 bentonite:10 ground
whegt.
Initially, 20 µg vitamin A/g; values
indicate percent remaining after 1 day
storage at 25 C.
c Pooled standard error= 1.73.
* Differs (P<.05) from control -(SOMbentonite).
** Differs (P<.01) from control (~OMbentonite).
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These results imply that to make an effective complex with
bentonite, materials need to be organic, partially soluble, and have
a certain molecular weight.

The importance of solubility of the

material or some component of it is emphasized by the fact that fine
particle sized casein prevented vitamin A loss, but .the granular
source did not.

Although not tested in the present study, some studies

have shown that protein can be adsorbed within the lattice of bentonite
(Ensminger and Gieseking, 1939) primarily as a cation (Ensminger and
Gieseking, 1941; Jacoli, 1968).

The adsorption of nonionic organic

compounds has been described by Iler (1955).

It is concluded that prior

exposure under aqueous conditions of bentonite to a wide variety of
organic feedstuffs, followed by drying, largely prevents subsequent
adsorption and/or destruction of vitamin A by bentonite during diet
mixing and storage.
Summary
A series of in vivo and in vitro studies were conducted to
investigate the effects of bentonfte on vitamin A and thiamin
utilization and to determine . if adverse effects of bentonite on
vitamin A could be prevented by complexing bentonite with various
materials.
In experiment 6, rats were fed two levels of bentonite (O and 4%)
and three levels of vitamin A (0, .2, and 2 IU per g diet).

Four percent

bentonite reduced (P<.01) liver weight and liver vitamin A storage.

An

in vit~o study in which 5% bentonite was added to ground wheat containing
20 µg vitamin A per g showed that major vitamin A loss occurred during
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the diet storage, and the smaller particle size of bentonite caused the
greatest (P<.01) vitamin A loss.

The presence of oil was not a major

contributing factor to the reduction in vitamin A availability by
bentonite.

From the result~ of spectrophotometric and TLC studies,

it was concluded adsorption rather than degradation or conversion to
other vitamin A derivatives was the cause of reduced vitamin A
availability.
In experiment 7, rat growth rate was depressed 12% by 4% granular
bentonite and 18% by the same level of dust bentonite when thiamin
levels were marginal in the diet (1 mg per kg diet), but no detrimental
effect of bentonite on rat growth was obtained when the thiamin level
(10 mg per kg diet) was adequate to provide a margin of safety.
In experiment 8, complexing bentonite with SOM gave full
protection from reduction in liver vitamin A storage, while uncomplexed
granular and dust bentonite each reduced (P<.01) liver vitamin A
storage.

From the results of in vitro studies, it was concluded that

a variety of materials including proteins, amino acid mixtures, or
nonionic organic compounds s~ch as starch, glucose, or ground wheat
made effective complexes with bentonite and protected vitamin A from
loss during diet mixing or storage.
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SUMMARY AND CONCLUSIONS
Sunnnaries have been provided following each experiment within
this thesis.

The following general summary and conclusions are offered

in addition.
1.

Maintaining ruminal pH above 6 in vitro almost completely

prevented lactate accumulation, while higher levels accumulated in
rumen fermentations maintained at pH 4 to 5.
2.

Adding buffers (limestone, bentonite, and NaHC0 ) at 2%
3

levels in 92% concentra te diets had little effect on rumen pH, lactate,
VFA, or blood parameters of sheep during a 7-day adaptation period.
3.

The same buffers added to all-concentrate diets raised

rumen pH and reduced lactate production.

Alfalfa hay at a 10% level

was as efiective as buffers in all criteria.
4.

After lambs were adapted to each diet, buffer effects

regarding rumen pH or VFA and lactate concentrations were not obtained.
However, buffers tended to improve ration digestibilities.

Fecal pH

or percent fecal starch were not sensitive indicators of starch
utilization.
5.

In a feedlot study, bentonite or limestone at 2% levels

slightly improved feedlot lamb performance, but combinations of both
buffers had a negative effect on performance.
6.

Alfalfa or brome hay at 10% levels were highly important

in reducing death losses due to acidosis.
7.

Bentonite in rat diets severely limited liver vitamin A

storage and this could be prevented by complexing the bentonite with
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soybean meal or other ionic or nonionic organic compounds.

The major

vitamin A loss occurred during mixing and storage of the diet and no
chemical degradation of vitamin A by bentonite was observed.

Bentonite

reduced rat growth when incorporated into rat diets containing marginal
levels of thiamin.
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